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the vehicle body or the steering column (11), for deform- characteristics of the energy absorbing member (23). 
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Description 

BACKGROUND OF THE INVENTION 
5 1 . Field of Invention 

[0001] The invention relates to a support mechanism of an automobile steering system. 
2. Description of Related Art 

10 

[0002] Many automobile steering systems include an airbag in a steering wheel to absorb the impact force of a 
steering wheel against the driver upon a head-on collision of a vehicle. However, some automobile steering systems 
include an energy absorbing mechanism in a support mechanism of the steering system to absorb the impact force 
transmitted to the steering wheel. Other automobile steering systems include both an airbag and an energy absorbing 
is mechanism. 

[0003] The steering system disclosed in Japanese Patent Application No. 4-113954 not only absorbs the impact 
force of an airbag mounted in a steering wheel against the driver but also withdraws a steering column toward the front 
of the vehicle according to whether the driver fastens a seatbelt. This steering system thus maintains an appropriate 
distance between the steering wheel and the driver, thereby further reducing the impact force. 

20 [0004] In order for the airbag to cooperate with a column moving mechanism, the above steering system includes 
various members for establishing a cooperative state between the airbag and the column moving mechanism, and a 
controller for controlling the cooperative relation therebetween. Therefore, in the above steering system, various con- 
stituent members are arranged around the steering column to allow the airbag and the column moving mechanism to 
cooperate with each other. This complicates the structure of the steering system and also significantly increases the 

25 costs. Moreover, for the above steering system, sufficient consideration have not been given regarding how the energy 
absorption amount of the support mechanism of the steering system is set according to whether the driver fastens a 
seatbelt and the seated position of the driver. 

SUMMARY OF THE INVENTION 

30 

[0005] The invention thus provides a simplified support mechanism of a steering system that is capable of absorbing 
a different amount of impact energy according to whether the driver fastens the seatbelt and the seated position of the 
driver, and that does not cooperate with an airbag mounted in a steering wheel. 

[0006] A first aspect of the invention relates to a support mechanism of a steering system, and more particularly, 
35 relates to a support mechanism of a steering system that is supports a steering column to a port of a vehicle body. The 
steering column that supports a steering shaft so that the steering shaft is rotatable in a circumferential direction. 
Basically, the support mechanism according to the first aspect of the invention includes an energy absorbing mechanism 
mounted on a side of at least one of the steering column and the vehicle body, and capable of changing an energy 
absorption amount. The support mechanism reduces the energy absorption amount of the energy absorbing mecha- 
40 nism when a driverfastens a seatbelt and increases the energy absorption amount of the energy absorbing mechanism 
when the driver does not fasten the seatbelt. 

[0007] In the support mechanism of the steering system according to the first aspect of the invention (first support 
mechanism), the energy absorbing mechanism may include a support member fixed to the steering column, a support 
pin extending through a longitudinal long hole in the support member, and attached to a part of the vehicle body to 

45 support the steering column to the vehicle body through the support member, an energy absorbing member mounted 
in the support member, and capable of being deformed by the support pin when the support pin moves relative to the 
long hole within the long hole, and a deformation characteristics changing means for changing an amount of a deforming 
action on the energy absorbing member according to whether the driverfastens the seatbelt. The deformation char- 
acteristics changing means reduces the amount of the deforming action on the energy absorbing member when the 

5p„ _ driverfastens the seatbelt, and increases the amount of the deforming action on the energy absorbing member when 
the driver does not fasten the seatbelt. 

[0008] In the support mechanism according to the first aspect of the invention (second support mechanism), the 
energy absorbing mechanism may include an energy absorbing member mounted on a side of the vehicle body, and 
moving relative to the steering column in a longitudinal direction of the steering column, a deforming means mounted 
55 on a side of the steering column, for deforming the energy absorbing member while the energy absorbing member is 
moving relatively, and a deformation characteristics changing means for changing the amount of the deforming action 
of the deforming means on the energy absorbing member according to whether the driver fastens the seatbelt. The 
deformation characteristics changing means reduces the amount of the deforming action on the energy absorbing 
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member when the driverfastens the seatbelt, and increases the amount of the deforming action on the energy absorbing 
member when the driver does not fasten the seatbett. 

[0009] In the support member according to the first aspect of the invention {third support mechanism), the energy 
absorbing mechanism may include a support member fixed to the steering column, a support pin extending through a 

5 longitudinal long hole in the support member, and attached to a part of the vehicle body to support the steering column 
to the vehicle body through the support member, and first and second energy absorbing members mounted in the 
support member, and capable of being deformed by the support pin when the support pin moves relative to the long 
hole within the long hole. The support pin deforms the first energy absorbing member when the driver fastens the 
seatbelt, and deforms the first and second energy absorbing members simultaneously when the driver does not fasten 

10 the seatbelt. 

[0010] A second aspect of the invention relates to a support mechanism of a steering system for supporting to a part 
of a vehicle body a steering column that supports a steering shaft so that the steering shaft is rotatable in a circumfer- 
ential direction. This support mechanism includes an energy absorbing mechanism mounted on a side of at least one 
of the steering column and the vehicle body, and capable of changing an energy absorption amount. Provided that a 
15 driver does not fasten a seatbelt, the energy absorbing mechanism absorbs a larger amount of energy in the case 
where a seated position of the driver is ahead of a preset position as compared to the case where the seated position 
of the driver is the preset position. 

[001 1] In the support mechanism according to the second aspect of the invention, the energy absorbing mechanism 
may include a support member fixed to the steering column, a support pin extending through a longitudinal long hole 

20 in the support member, and attached to a part of the vehicle body to support the steering column to the vehicle body 
through the support member, an energy absorbing member mounted in the support member, and capable of being 
deformed by the support pin when the support pin moves relative to the long hole within the long hole, and a deformation 
characteristics changing means for changing an amount of a deforming action on the energy absorbing member. The 
deformation characteristics changing means reduces the amount of the deforming action on the energy absorbing 

25 member when the seated position of the driver is the preset position, and increases the amount of the deforming action 
on the energy absorbing member when the seated position of the driver is ahead of the preset position. 
[0012] In the support mechanism according to the second aspect of the invention, the energy absorbing mechanism 
may include an energy absorbing member mounted on a side of the vehicle body, and moving relative to the steering 
column in a longitudinal direction of the steering column, a deforming means mounted on a side of the steering column, 

30 for deforming the energy absorbing member while the energy absorbing member is moving relatively, and a deformation 
characteristics changing means for changing an amount of a deforming action of the deforming means on the energy 
absorbing member according to the seated position of the driver. The deformation characteristics changing means 
reduces the amount of the deforming action on the energy absorbing member when the seated position of the driver 
is the preset position, and increases the amount of the deforming action on the energy absorbing member when the 

35 seated position of the driver is ahead of the preset position. 

[0013] In the support mechanism according to the second aspect of the invention, the energy absorbing mechanism 
may include a support member fixed to the steering column, a support pin extending through a longitudinal long hole 
in the support member, and attached to a part of the vehicle body to support the steering column to the vehicle body 
through the support member, and first and second energy absorbing members mounted in the support member, and 

40 capable of being deformed by the support pin when the support pin moves relative to the long hole within the long hole. 
The support pin deforms the first energy absorbing member when the seated position of the driver is the preset position, 
and deforms the first and second energy absorbing members simultaneously when the seated position of the driver is 
ahead of the preset position. 

[001 4] I n the support mechanism according to the first and second aspects of the invention, an airbag may be mount- 
45 ed in a steering wheel attached to the steering shaft. 

[001 5] Hereinafter, effects and preferred forms of the support mechanism according to the first and second aspects 
will be described. 

[0016] In the steering system supported by the first support mechanism of the first aspect of the invention, the driver 
may move forward and interfere with a steering wheel to move the steering column forward upon head-on collision of 
so the vehicle. In this case, the support pin supporting the steering column relatively moves backward within the long hole 
of the support member with a force corresponding to the impact force. While moving, the support pin deforms the 
energy absorbing member to absorb the impact energy in the energy absorbing member, thereby reducing the impact 
force of the steering wheel against the driver. 

[0017] In this case, when the driver does not fasten the seatbelt, the deformation characteristics changing means 
55 increases the amount of the deforming action on the energy absorbing member. The energy absorbing member thus 
absorbs a large amount of energy. On the other hand, when the driver fastens the seatbelt, the deformation charac- 
teristics changing means reduces the amount of the deforming action on the energy absorbing member. The energy 
absorbing member thus absorbs a smaller amount of energy as compared to the case where the driver does not fasten 
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the seatbett. 

[0018] In the steering system supported by the second support mechanism of the first aspect of the invention as 
well, the driver may move forward and interfere with a steering wheel to move the steering column forward upon head- 
on collision of the vehicle. In this case, the deforming means mounted on the side of the steering column moves relative 
5 to the energy absorbing member mounted on the side of the vehicle body. While moving, the deforming means deforms 
the energy absorbing member to absorb the impact energy in the energy absorbing member, thereby reducing the 
impact force of the steering wheel against the driver. 

[0019] In this case, when the driver does not fasten the seatbelt, the deformation characteristics changing means 
increases the amount of the deforming action on the energy absorbing member. The energy absorbing member thus 
10 absorbs a large amount of energy. On the other hand, when the driver fastens the seatbelt, the deformation charac- 
teristics changing means reduces the amount of the deforming action on the energy absorbing member. The energy 
absorbing member thus absorbs a smaller amount of energy as compared to the case where the driver does not fasten 
the seatbelt. 

[0020] In the steering system supported by the third support mechanism of the first aspect of the invention as well, 

*5 the driver may move forward and interfere with a steering wheel to move the steering column forward upon head-on 
collision of the vehicle. In this case, the support pin supporting the steering column relatively moves backward within 
the long hole of the support member with a force corresponding to the impact force. While moving, the support pin 
deforms the first energy absorbing member to absorb the impact energy in the first energy absorbing member, thereby 
reducing the impact force of the steering wheel against the driver. 

20 [0021] In this case, when the driver does not fasten the seatbelt, one end of the second energy absorbing member 
is fixed to the support member. Therefore, the support pin deforms the second energy absorbing member simultane- 
ously with the first energy absorbing member. As a result, a large amount of energy is absorbed. On the other hand, 
when the driver fastens the seatbelt, the second energy absorbing member is not fixed to the support member. There- 
fore, the support pin does not deform the second energy absorbing member. As a result, a smaller amount of energy 

25 is absorbed as compared to the case where the driver does not fasten the seatbelt. 

[0022] The first, second and third support mechanisms of the first aspect of the invention are thus capable of changing 
the absorption amount of impact energy according to whether the driverfastens the seatbelt. The above support mech- 
anisms make good use of the structure of a support mechanism that is essential for supporting the steering system to 
a part of the vehicle body. Accordingly, the above support mechanisms can be inexpensively manufactured with a 

30 relatively simple structure without complicating the structure of the steering system. As a resuit, significant increase in 
costs can be suppressed. 

[0023] In the first support mechanism of the first aspect of the invention, various deformation characteristics changing 
means can be preferably used as the deformation characteristics changing means. Hereinafter, firstto sixth deformation 
characteristics changing means will be described as specific examples. The first deformation characteristics changing 

35 means includes a shearing pin that advances or retreats relative to an engaging hole in the energy absorbing member 
according to whether the driver fastens the seatbelt. When the driver does not fasten the seatbelt, the shearing pin 
advances into the engaging hole of the energy absorbing member and is engaged with the energy absorbing member. 
The shearing pin thus applies a shearing force to the energy absorbing member during deformation of the energy 
absorbing member. This enables the energy absorbing member to absorb a large amount of energy when the driver 

40 does not fasten the seatbelt and to absorb a small amount of energy when the driverfastens the seatbelt. Note that a 
solenoid is preferably used as a means for driving the shearing pin, and switching (ON/OFF) control of the solenoid is 
preferably conducted according to whether the driver fastens the seatbelt. 

[0024] The second deformation characteristics changing means in the first support mechanism of the first aspect of 
the invention includes a deforming pin that advances or retreats relative to a slit hole in the energy absorbing member 

45 according to whether the driver fastens the seatbelt. When the driver does not fasten the seatbelt, the deforming pin 
advances into the slit hole of the energy absorbing member so that a deforming force enlarging the slit hole of the 
energy absorbing member is applied during deformation of the energy absorbing member. This enables the energy 
absorbing member to absorb a large amount of energy when the driver does not fasten the seatbelt and absorb a small 
amount of energy when the driver fastens the seatbelt. Note that a solenoid is preferably used as a means for driving 

50 the deforming pin, and switching (ON/OFF) control of the solenoid is preferably conducted according to whether the 
driver fastens the seatbelt. 

[0025] The deforming pin as the second deformation characteristics changing means may have a tapered shape 
whose diameter is gradually reduced toward a tip thereof or a stepped shape whose diameter is reduced toward a tip 
thereof. In this case, an amount by which the deforming pin advances into the slit hole is preferably controlled according 
55 to whether the driverfastens the seatbelt. This enables the energy absorbing member to absorb the amount of energy 
corresponding to whether the driver fastens the seatbelt. 

[0026] The third deformation characteristics changing means in the first support mechanism of the first aspect of the 
invention includes a squeezing pin that advances or retreats relative to the energy absorbing member according to 
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whether the driver fastens the seatbelt. When the driver does not fasten the seatbelt, the squeezing pin abuts on the 
energy absorbing member and applies a squeezing force to the energy absorbing member during deformation of the 
energy absorbing member. This enables the energy absorbing member to absorb a large amount of energy when the 
driver does not fasten the seatbelt and absorb a small amount of energy when the driver fastens the seatbelt. Note 
5 that a solenoid is preferably used as a means for driving the squeezing pin, and switching {ON/OFF) control of the 
solenoid is preferably conducted according to whether the driver fastens the seatbelt. 

[0027] The fourth deformation characteristics changing means in the first support mechanism of the first aspect of 
the invention includes an interfering member selectively abutting on at least one of a pair of bent plates according to 
whether the driver fastens the seatbelt. The interfering member abuts on at least one of the pair of bent plates so that 
10 deformation characteristics of the bent plate becomes higher in the case where the driver does not fasten the seatbelt 
as compared to the case where the driver fastens the seatbelt. The interfering member thus applies a deforming force 
to the bent plate during deformation of the bent plates. This enables the energy absorbing member to absorb a large 
amount of energy when the driver does not fasten the seatbelt and absorb a small amount of energy when the driver 
fastens the seatbelt. 

is [0028] When the driver fastens the seatbelt, the interfering member of the fourth deformation characteristics changing 
means may abut on one of the pair of bent plates and apply a deforming force to the bent plate. When the driver does 
not fasten the seatbelt, the interfering member may abut on the pair of bent plates and apply the deforming force to 
the bent plates during deformation of the bent plates. 

[0029] In the fourth deformation characteristics changing means, the pair of bent plates may have different defor- 
ce mation capabilities. When the driver fastens the seatbelt, the interfering member may abut on the bent plate having 
lower deformation characteristics and apply a deforming force to the bent plate. When the driver does not fasten the 
seatbelt, the interfering member may abut on the bent plate having higher deformation characteristics and apply a 
deforming force to the bent plate during deformation of the bent plates. Note that an electric motor for driving an element 
according to whether the driver fastens the seatbelt is preferably used as a means for driving the interfering member. 
25 Preferably, the electric motor selectively moves the interfering member to one of the bent plates. 

[0030] The fifth deformation characteristics changing means in the first support mechanism of the first aspect of the 
invention includes a tapered slide pin for changing a bent state of the energy absorbing member by advancing or 
retreating relative to the energy absorbing member according to whether the driver fastens the seatbelt. When the 
driver does not fasten the seatbelt, the energy absorbing member is bent to a large degree by interference of the slide 
30 pin. This enables the energy absorbing member to absorb a large amount of energy when the driver does not fasten 
the seatbelt and absorb a small amount of energy when the driver fastens the seatbelt. Note that a solenoid for driving 
an element according to whether the driver fastens the seatbelt is preferably used as a means for driving the slide pin. 
Switching (ON/OFF) control of the solenoid is preferably conducted according to whetherthe driver fastens the seatbelt. 
[0031] The sixth deformation characteristics changing means in the first support mechanism of the first aspect of the 
35 invention includes an interfering pin for changing a bent state of the energy absorbing member by advancing or re- 
treating relative to the energy absorbing member according to whether the driver fastens the seatbelt. When the driver 
does not fasten the seatbelt, the energy absorbing member is bent to a large degree by interference of the interfering 
pin. This enables the energy absorbing member to absorb a large amount of energy when the driver does not fasten 
the seatbelt and absorb a small amount of energy when the driver fastens the seatbelt. Note that a solenoid for driving 
40 an element according to whether the driver fastens the seatbelt is preferably used as a means for driving the interfering 
pin. Switching (ON/OFF) control of the solenoid is preferably conducted according to whether the driver fastens the 
seatbelt. 

[0032] In the second support mechanism of the first aspect of the invention, the deforming means may be a pair of 
holding members for squeezing the energy absorbing member therebetween. In this case, the deformation character- 
's istics changing means is a driving means for changing a distance between the holding members holding and the energy 
absorbing members, according to whether the driver fastens the seatbelt. This enables the energy absorbing member 
to absorb a large amount of energy when the driver does not fasten the seatbelt and absorb a small amount of energy 
when the driver fastens the seatbelt. Note that an electric motor for driving an element according to whetherthe driver 
fastens the seatbelt and a pair of sector gears pivotable by the electric motor are preferably used as a means for driving 
50 the holding members. The holding members are preferably mounted in the respective sector gears. 

[0033] In the third support mechanism of the first aspect of the invention, the first energy absorbing member may be 
a first bent plate whose one end is fixed to the support member, and which longitudinally extends and is bent behind 
the support pin extending through the long hole. The second energy absorbing member may be a second bent plate 
whose one end is detachably fixed to the support member by an engaging/disengaging means, and which longitudinally 
55 extends and is bent behind the support pin extending through the long hole. The engaging/disengaging means for 
engaging and disengaging one end of the second bent plate may disengage the second bent plate from the support 
member when the driver fastens the seatbelt, and may fix the second bent plate to the support member when the driver 
does not fasten the seatbelt. In this case, when the driver fastens the seatbelt, the support pin stretches only the first 
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bent plate while relatively moving backward upon collision, in other words, the support pin does not stretch the second 
bent plate. Therefore, a relatively small amount of impact energy is absorbed. On the other hand, when the driver does 
not fasten the seatbelt, the support pin stretches both first and second bent plates simultaneously while relatively 
moving backward upon collision. Therefore, a large amount of impact energy is absorbed. 

[0034] In the third support mechanism of the first aspect of the invention, the first energy absorbing member is a 
bent plate whose one end is fixed to the support member, and which longitudinally extends and is bent behind the 
support pin extending through the long hole. The second energy absorbing member is a support member having the 
long hole. The third support mechanism includes a cam located in a large-width portion of the long hole and capable 
of moving within a small-width portion of the long hole, the large-width portion being located at a base end of the long 
hole, and a driving means for rotating the cam so as to selectively change a width of the cam facing the small-width 
portion of the long hole to a value larger or smaller than a width of the small-width portion of the long hole. When the 
width of the cam facing the width of the small-width portion of the long hole is smaller than that of the small-width 
portion, the support pin can stretch the bent plate while relatively moving backward within the long hole of the support 
member. When the width of the cam facing the small-width portion of the long hole is larger than that of the small-width 
portion, the support pin can stretch the bent plate and successively deform a side edge of the small-width portion of 
the long hole by using the cam while relatively moving backward within the long hole of the support member. In this 
case, the driving means can operate so that the width of the cam facing the small-width portion of the long hole becomes 
smaller than that of the small-width portion when the driver fastens the seatbelt, and operate so that the width of the 
cam facing the small-width portion of the long hole becomes larger than that of the small-width portion when the driver 
does not fasten the seatbelt. This driving means may be an electric motor. 

[0035] In this case, when the driver fastens the seatbelt, the width of the cam facing the small-width portion of the 
long hole in the support member is smaller than that of the small-width portion. On the other hand, when the driver 
does not fasten the seatbelt, the width of the cam facing the small-width portion of the long hole in the support member 
is larger than that of the small-width portion. Therefore, when the driver fastens the seatbelt, the cam of the support 
pin merely stretches the bent plate while relatively moving backward upon collision. A relatively small amount of impact 
energy is thus absorbed. On the other hand, when the driver does not fasten the seatbelt, the cam of the support pin 
not only stretches the bent plate but also successively deforms the side edge of the small-width portion of the long 
hole in the support member while relatively moving backward upon collision. Accordingly, a larger amount of impact 
energy is absorbed as compared to the case where the driver fastens the seatbelt. 

[0036] When the driver does not fasten the seatbelt and the seated position of the driver is the preset position, the 
support mechanism of the steering system of the second aspect of the invention provides the same effect as that 
provided by the above support mechanism of the first aspect when the driver fastens the seatbelt (i.e., the support 
mechanism absorbs a small amount of impact energy). When the driver does not fasten the seatbelt and the seated 
position of the driver is ahead of the preset position, the support mechanism of the steering system of the second 
aspect of the invention provides the same effect as that provided by the above support mechanism of the first aspect 
when the driver does not fasten the seatbelt (i.e., the support mechanism absorbs a large amount of impact energy). 
[0037] In the support mechanism of the steering system of the first and second aspects of the invention having the 
airbag mounted in the steering wheel, the impact energy is absorbed also by the airbag. This enables reduction in size 
of the energy absorbing mechanism that is mounted on the side of at least one of the steering column and the vehicle 
body in the support mechanism and capable of changing the energy absorption amount. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0038] The foregoing and further objects, features and advantages of the invention will become apparent from the 
following description of preferred exemplary embodiments with reference to the accompanying drawings, wherein like 
numerals are used to represent like elements and wherein: 

Fig. 1 is a schematic side view of a driver's seat including a steering system having a support mechanism of a first 
exemplary embodiment of the invention mounted thereon; 

Fig. 2 is a plan view of the steering systenvhaving the support mechanism of the first exemplary embodiment 
mounted thereon; 

Fig. 3 is a side view of the steering system; 

Fig. 4 is a sectional side elevation of a main part of the support mechanism of the first exemplary embodiment; 
Fig. 5A is a plan view of a bent plate of the support mechanism of the first exemplary embodiment; 
Fig. 5B is a sectional front elevation taken along line 5B-5B in Fig. 5A; 

Fig. 6A is a side view showing an initial state of an engaging device of the support mechanism of the first exemplary 
embodiment; 

Fig. 6B is a side view showing an operating state of the engaging device of the support mechanism of the first 
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exemplary embodiment; 

Fig. 7 is a plan view of a support mechanism of a second exemplary embodiment of the invention; 
Fig. 8 is a side view of the support mechanism of the second exemplary embodiment; 

Fig. 9A is a side view showing an initial state of an engaging device of a first modification that can be used in the 
5 support mechanism of the second exemplary embodiment; 

Fig. 9B is a side view showing an initial state of an engaging device of a second modification that can be used in 
the support mechanism of the second exemplary embodiment; 

Fig. 1 0 is a partially cutaway plan view of a support mechanism of a third exemplary embodiment of the invention; 
Fig. 1 1 is a partially cutaway side view of the support mechanism of the third exemplary embodiment; 
10 Fig. 12 is a sectional side elevation of a main part of a support mechanism of a fourth exemplary embodiment of 

the invention; 

Fig. 13 is a perspective view of bent plates of the support mechanism of the fourth exemplary embodiment; 
Fig. 14A is a plan view showing an operating state of a squeezing device constituting the support mechanism of 
the fourth exemplary embodiment; 
15 Fig. 14B is a plan view showing an operating state of the squeezing device constituting the support mechanism 

of the fourth exemplary embodiment; 

Fig. 14C is a plan view showing an operating state of the squeezing device constituting the support mechanism 
of the fourth embodiment; 

Fig. 15A is a sectional side elevation showing an operating state of a support mechanism of a fifth exemplary 
20 embodiment of the invention; 

Fig. 15B is a sectional front elevation taken along line 15B-15B in Fig. 15A; 

Fig. 15C is a sectional front elevation taken along line 15C-15C in Fig. 15A, showing the state where a slide pin 
is retracted; 

Fig. 1 6A is a sectional side elevation showing the state where the energy absorption amount in the support mech- 
25 anism of the fifth exemplary embodiment is minimized; 

Fig. 16B is a sectional front elevation taken along line 1 6B-16B in Fig. 1 6A; 

Fig. 1 7A is a sectional side elevation showing the state where the energy absorption amount in the support mech- 
anism of the fifth exemplary embodiment is maximized; 
Fig. 17B is a sectional front elevation taken along line 17B-17B in Fig. 17A; 
30 Fig. 18 is a sectional side elevation of a main part of a support mechanism of a sixth exemplary embodiment of 

the invention; 

Fig. 1 9 is a perspective view of a pin interfering device constituting the support mechanism of the sixth exemplary 
embodiment; 

Fig. 20A is a side view showing the state where the energy absorption amount in the pin interfering device is 
35 maximized; 

Fig. 20B shows pin arrangement of the pin interfering device in the state where the energy absorption amount is 
maximized; 

Fig. 21 A is a side view showing the state where the energy absorption amount in the pin interfering device is 
minimized; 

40 Fig. 21 B shows pin arrangement of the pin interfering device in the state where the energy absorption amount is 

minimized; 

Fig. 22 is a front view showing a pivoting state of a support plate of the pin interfering device; 

Fig. 23- is a plan view of a steering system having a support mechanism of a seventh exemplary embodiment of 

the invention mounted therein; 

45 Fig. 24 is a side view of a steering system having the support mechanism of the seventh exemplary embodiment 

mounted therein; 

Fig. 25A is a plan view showing an initial state of the support mechanism of the seventh exemplary embodiment; 
Fig. 25B is a plan view showing an operating state of the support mechanism of the seventh exemplary embodiment; 
Fig. 26 is a plan view showing an initial state of a modification of the support mechanism of the seventh exemplary 
so embodiment (a support mechanism of an eighth embodiment of the invention); 

Fig. 27 is a plan view of a steering system having a support mechanism of a ninth exemplary embodiment of the 
invention mounted therein; 

Fig. 28 is a side view of the steering system having the support mechanism of the ninth exemplary embodiment 
mounted therein; 

55 Fig. 29 is an enlarged sectional side elevation of the support mechanism of the ninth exemplary embodiment taken 

along line 29-29 in Fig. 27; 

Fig. 30 is a sectional side elevation showing an operating state of the support mechanism of the ninth exemplary 
embodiment when the driver does not fasten the seatbelt; 
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Fig. 31 is a sectional side elevation showing an operating state of the support mechanism of the ninth exemplary 
embodiment when the driver fastens the seatbelt; 

Fig. 32 is a bottom view of a support mechanism of a tenth exemplary embodiment of the invention; 
Fig. 33 is a sectional side elevation taken along line 33-33 in Fig. 32; 
5 Fig. 34A is a sectional side elevation showing an operating state of the support mechanism of the tenth exemplary 

embodiment when the driver does not fasten the seatbett; and 

Fig. 34B is a sectional side elevation showing an operating state of the support mechanism of the tenth exemplary 
embodiment when the driver fastens the seatbelt. 



10 DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 



[0039] Hereinafter, exemplary embodiments of the invention will be described in conjunction with the accompanying 
drawings. Figs. 1 , 2 and 3 show a steering system employing a support mechanism 20a of a first exemplary embodiment 
as a first support mechanism of the invention. The steering system 10a includes a steering column 11 and a steering 
is shaft 12 extending therethrough. The steering shaft 12 is supported within the steering column 1 1 so as to be rotatable 
in the circumferential direction. 

[0040] In the steering system 10a, a rear part of the steering column 11 is supported to a part of the vehicle body 
(not shown) by an upper support bracket 1 3. A front part of the steering column 1 1 is supported to a part of the vehicle 
(not shown) by the support mechanism 20a. As schematically shown in Fig. 1 , with the steering system 1 0a mounted 
20 in the vehicle, the front end of the steering shaft 12 is coupled to a steering link mechanism 1 6, and a steering wheel 
17 is mounted to the rear end of the steering shaft 12. The steering wheel 17 incorporates an airbag 18 operated upon 
head-on collision of the vehicle to absorb the impact energy against the driver H. 

[0041] Note that the upper support bracket 1 3 is mounted to a part of the vehicle, and supports the steering column 
11 so that the steering column 11 can break away therefrom in the forward direction. The upper support bracket 13 
25 allows the steering column 11 to break away therefrom in the forward direction of the vehicle when a prescribed load 
is applied to the steering column 11 in the forward direction. The upper support bracket 13 has a tilt lock mechanism. 
Figs. 2 and 3 show an operation lever 14 for operating the lock mechanism for locking and unlocking. 
[0042] As shown in Figs. 2 to 4, the support mechanism 20a includes a support bracket 21 as a support member, a 
support pin 22, a bent plate 23 as an energy absorbing member, and an engaging device 24 as a deformation char- 
so acteristics changing device. 

[0043] The support bracket 21 has a circular shape and is long sideways when viewed longitudinally. The support 
bracket 21 has sidewalis 21a facing each other, and a long hole 21b formed in each of the sidewalls 21a so that the 
respective long holes 21 b face each other. Each long hole 21 b extends backward from a position somewhat ahead of 
the center of the sidewall 21a in the obliquely upward direction. Each long hole 21b includes a circular hole portion 
35 21b1 as a base end, an elongated hole portion 21 b2 extending backward from the circular hole portion 21b1 in the 
obliquely upward direction, and a narrowed portion 21 b3 connecting the hole portions 21 b1, 21 b2 together. The elon- 
gated hole portion 21 b2 has approximately the same width as the diameter of the circular hole portion 21 b1. The 
support bracket 21 is fixed to the upper portion of the outer periphery of the steering column 11 at the respective lower 
ends of both sidewalls 21a. 

40 [0044] The support pin 22 is mounted to a lower support bracket 15 so as to extend through the long holes 21b of 
the support bracket 21 . The lower support bracket 15 is fixed to a part of the vehicle body. In this state, the support 
pin 22 supports the front end of the steering column 11 to a part of the vehicle body through the support bracket 21 so 
that the steering column 11 ispivotable in the vertical direction. The support pin 22 initially extends through the circular 
hole portions 21 b1 of the long holes 21 b of the support bracket 21 . By moving relative to the support bracket 21 , the 

45 support pin 22 moves backward within the elongated hole portions 21 b2 beyond the narrowed portions 21 b-3. 

[0045] The bent plate 23 has a prescribed width and is bent by approximately 270 degrees at its rear end. The bent 
plate 23 includes an upper wall portion 23a, a lower wall portion 23b, an arc-shaped wall portion 23c and a vertical 
wall portion 23d. The upper wall portion 23a and the lower wall portion 23b face each other at a prescribed distance. 
The arc-shaped wall portion 23c connects the wall portions 23a, 23b together at their rear ends. The vertical wall portion 

50 23d extends perpendicularly from the end of the lower wall portion 23b. 

[0046] The bent plate 23 is positioned by a plurality of pins 21c arranged to surround the outer periphery of the 
circular hole portions 21 b1 of the long holes 21b in the sidewalls 21a of the support bracket 21. In this state, the bent 
plate 23 is fixedly welded to the support bracket 21 . The bent plate 23 surrounds the support pin 22 within the support 
bracket 21 . The vertical wall portion 23d is located ahead of the support pin 22, and the arc-shaped wall portion 23c 

55 is located behind the support pin 22 and extends across the elongated hole portions 21 b2 of the long holes 21b. 

[0047] As shown in Figs. 5A and 5B, the bent plate 23 has upper and lower grooves 23e1 , 23e2 extending longitu- 
dinally along the central portion of the upper wall portion 23a in the width direction. The bent plate 23 further has a 
circular engaging hole 23e3 at the rear end of the grooves 23e1, 23e2, and a notch 23e4 connecting the engaging 
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hole 23e3 to the grooves 23e1 , 23e2. 

[0048] The engaging device 24 includes a solenoid 24a and a shearing pin 24b. The shearing pin 24b advances and 
retreats according to whether current is applied to the solenoid 24a or not (i.e., according to switching <ON/OFF) control 
of the solenoid 24a). The engaging device 24 is attached to the support bracket 21 with the solenoid 24a fixed to the 
5 front end of an upper wall 21 d of the support bracket 21 . In this state, the shearing pin 24b of the engaging device 24 
extends through the upper waif 21 d of the support bracket 21 and faces the engaging hole 23e3 of the upper wall 
portion 23a of the bent plate 23 such that it can advance and retreat. 

[0049] When the solenoid 24a of the engaging device 24 carries current, the shearing pin 24b advances into the 
engaging hole 23e3 of the bent plate 23, as shown in Fig. 6A. When the solenoid 24a no longer carries current, the 

10 shearing pin 24b retreats upward away from the engaging hole 23e3 of the bent plate 23, as shown in Fig. 68. Current 
is applied to the solenoid 24a upon starting of the engine. When the driver H does not fasten the seatbelt (whether the 
driver H fastens the seatbelt is detected by a sensor 92 mounted in the driver's seatbelt 91 in Fig. 1), an electrical 
control unit ECU in Fig. 1 continues to apply current to the solenoid 24a. Once the driver H fastens the seatbelt 91 , 
the electrical control unit ECU discontinues current application to the solenoid 24a. Note that application and non- 

15 application of current to the solenoid 24a may be implemented in the manner opposite to that described above (it 
should be noted that, in either case, the shearing pin 24b advances when the driver H does not fasten the seatbelt, 
and retreats upward when the driver H fastens the seatbelt). 

[0050] When the driver H moves forward and interferes with the steering wheel 17 upon a head-on collision of the 
vehicle, the steering system 1 0a supported to the vehicle body by such a support mechanism 20a moves the steering 

20 shaft 12 and the steering column 11 forward together with the support bracket 21 . 

[0051] The support pin 22 constituting the support mechanism 20a supporting the steering column 11 thus moves 
backward relative to the long holes 21 b within the long holes 21 b of the support bracket 21 with a force corresponding 
to the impact force. While moving relatively, the support pin 22 stretches the bent plate 23 to absorb the impact energy. 
The support mechanism 20a thus absorbs the impact energy of the steering wheel 17 against the driver H, thereby 

25 reducing the impact force of the steering wheel 1 7 against the driver H. 

[0052] When the driver H does not fasten the seatbelt (i.e., when the predicted impact force applied from the steering 
column to the driver H is large), the solenoid 24a of the engaging device 24 carries current. The shearing pin 24b is 
therefore engaged with the engaging hole 23e3 of the bent plate 23, as shown in Fig. 6A. Accordingly, the bent plate 
23 is stretched backward from the shearing pin 24b. The shearing pin 24b is forced into the grooves 23e1 , 23e2 through 

30 the notch 23e4 of the bent plate 23, thereby shearing the bent plate 23. 

[0053] When the driver H does not fasten the seatbelt, the support pin 22 moves backward while stretching the bent 
plate 23, in response to the impact. At the same time, the bent plate 23 is subjected to the shearing force along the 
grooves 23e1 , 23e2. The support mechanism 20a thus absorbs a large amount of impact energy. 
[0054] On the other hand, when the driver H fastens the seatbelt (when the predicted impact force applied from the 

35 steering column to the driver H is small), the solenoid 24a of the engaging device 24 carries no current. The shearing 
pin 24b is therefore disengaged from the engaging hole 23e3 of the bent plate 23, as shown In Fig. 6B. Accordingly, 
the bent plate 23 is stretched backward without being subjected to the shearing force of the shearing pin 24b. The 
support mechanism 20a thus absorbs a smaller amount of impact energy as compared to the case where the driver 
H does not fasten the seatbelt. 

40 [0055] The support mechanism 20a is capable of changing the absorption amount of impact energy according to 
whether the driver H fastens the seatbelt or not (i.e., according to the predicted impact force applied from the steering 
column to the driver H). The support mechanism 20a makes good use of the structure of a support mechanism that is 
essential for supporting the steering system 10a to a part of the vehicle body. Accordingly, the support mechanism 20a 
can be inexpensively manufactured with a relatively simple structure without complicating the structure of the steering 

45 system 10a. As a result, increase in costs can be significantly suppressed. Note that, in addition to whether the driver 
H fastens the seatbelt or not, the predicted impact force may be calculated based on the signals from various sensors 
for detecting the vehicle speed, physical constitution of the driver H and the like (e.g., a seated position sensor 93 of 
Fig. 1 mounted in the driver's seat for detecting the seated position of the driver H, or a weight sensor) (the predicted 
impact force is always calculated during running of the vehicle). 

so [0056] Figs. 7 and 8 show a support mechanism 20b of a second exemplary embodiment as a f irst support mechanism 
of the invention. The support mechanism 20b of the second exemplary embodiment basically has the same structure 
as that of the support mechanism 20a of the first exemplary embodiment except that the engaging device 24 of the 
support mechanism 20a is replaced with an engaging device 25. Accordingly, in the support mechanism 20b of the 
second exemplary embodiment, the same components and portions as those of the support mechanism 20a of the 

55 first exemplary embodiment are denoted with the same reference numerals and characters, and detailed description 
thereof will be omitted. 

[0057] The engaging device 25 of the support mechanism 20b includes a solenoid 25a and a deforming pin 25b that 
advances or retreats according to switching (ON/OFF) control of the solenoid 25a. The engaging device 25 is attached 



9 



BNSDOCID: <EP 124 7721 A2J_> 



EP 1 247 721 A2 



to the support bracket 21 with the solenoid 25a fixed to the front end of the upper wall 21 d of the support bracket 21 . 
in this state, the deforming pin 25b of the engaging device 25 extends through the upper wall 21 d of the support bracket 
21 and faces the base end of a slit hole 23f of the bent plate 23 such that it can advance and retreat. Like deforming 
pins 25b1, 25b2 of Figs. 9A and 9B, the deforming pin 25b may have a stepped shape or a tapered shape whose 

s diameter is gradually reduced toward the tip thereof. 

[0058] When the solenoid 25a of the engaging device 25 carries current, the deforming pin 25b advances into the 
slit hole 23f of the bent plate 23. When the solenoid 25a no longer carries current, the deforming pin 25b retreats 
upward away from the slit hole 23f of the bent plate 23. Current is applied to the solenoid 25a upon starting of the 
engine. When the driver H does not fasten the seatbelt, current continues to be applied to the solenoid 25a. Once the 

10 driver H fastens the seatbelt, current application to the solenoid 25a is discontinued. Note that application and non- 
application of current to the solenoid 25a may be implemented in the manner opposite to that described above. 
[0059] When the driver H moves forward and interferes with the steering wheel 1 7 upon head-on collision of the 
vehicle, the steering system 10a supported by such a support mechanism 20b moves the steering shaft 12 and the 
steering column 11 forward together with the support bracket 21 . 

is [0060] The support pin 22 constituting the support mechanism 20b supporting the steering column 11 thus moves 
backward relative to the long holes 21b within the long holes 21 b of the support bracket 21 with a force corresponding 
to the impact force. While moving backward, the support pin 22 stretches the bent plate 23 to absorb the impact energy. 
The support mechanism 20b thus absorbs the impact energy of the steering wheel 17 against the driver H, thereby 
reducing the impact force of the steering wheel 1 7 against the driver H. 

20 [0061] When the driver H does not fasten the seatbelt, the solenoid 25a of the engaging device 25 carries current. 
The deforming pin 25b therefore advances into the slit hole 23f of the bent plate 23, as shown in Fig. 8. Accordingly, 
the bent plate 23 is stretched backward from the deforming pin 25b. The deforming pin 25b deforms both side edges 
of the slit hole 23f while moving relative to the bent plate 23. 

[0062] When the driver H does not fasten the seatbelt, the support pin 22 moves backward while stretching the bent 
25 plate 23, in response to the impact. At the same time, the bent plate 23 is subjected to the deforming force that deforms 
both side edges of the slit hole 23f. The support mechanism 20b thus absorbs a large amount of impact energy. 
[0063] On the other hand, when the driver H fastens the seatbelt, the solenoid 25a of the engaging device 25 carries 
no current. The deforming pin 25b therefore retreats upward away from the slit hole 23f of the bent plate 23. Accordingly, 
the bent plate 23 will not be subjected to the deforming force from the deforming pin 25b. The support mechanism 20b 
30 thus absorbs a smaller amount of impact energy as compared to the case where the driver H does not fasten the 
seatbelt. 

[0064] In the support device 25, the amount of current to be applied to the solenoid 25a when the driver H does not 
fasten the seatbelt can be controlled according to the magnitude of the predicted impact force applied from the steering 
column to the driver H upon collision of the vehicle. The predicted impact force is obtained based on whether the driver 

35 h fastens the seatbelt, vehicle speed, physical constitution of the driver H and the like. When the predicted impact 
force is large, the protruding length of the deforming pin 25b is increased. As a result, the deforming pin 25b1 of Fig. 
9A can be engaged with the slit hole 23f at a stepped portion with a larger diameter, and the deforming pin 25b2 of 
Fig. 9B can be engaged with the slit hole 23f at a thicker tapered portion. Accordingly, the support mechanism 20b can 
absorb an increased amount of impact energy. 

^0 [0065] Figs. 1 0 and 1 1 show a support mechanism 20c of a third exemplary embodiment as a first support mechanism 
of the invention. The support mechanism 20c basically has the same structure as that of the support mechanism 20a 
of the first exemplary embodiment except that the engaging device 24 of the support mechanism 20a is replaced with 
a squeezing device 26. In the support mechanism 20c of the third exemplary embodiment, the same components and 
portions as those of the support mechanism 20a of the first exemplary embodiment are denoted with the same reference 

45 numerals and characters, and detailed description thereof will be omitted. 

[0066] The squeezing device 26 in the support mechanism 20c of the third exemplary embodiment includes a fixed 
pin 26a, a movable pin 26b and a solenoid 26c connected to the movable pin 26b. The fixed pin 26a is attached to the 
respective front ends of the sidewalls 21 a of the support member 21 so as to extend therebetween. The solenoid 26c 
is attached to the outer surface of one sidewall 21 a of the support member 21 . The solenoid 26c holds the movable 

50 . pin 26b so that the movable pin 26b is retractable from one sidewall 21 a toward the inner surface of the other sidewall 
21 a. The fixed pin 26a is disposed at a front lower bent portion 23a1 of the upper wall portion 23a of the bent plate 23. 
The movable pin 26b is disposed at a rear upper bent portion 23a2 of the upper wall portion 23a of the bent plate 23 
such that it can advance and retreat. 

[0067] When the solenoid 26c carries current, the movable pin 26b advances to the rear upper bent portion 23a2 of 
55 the upper wall portion 23a of the bent plate 23. When the solenoid 26c no longer carries current, the movable pin 26b 
retreats away from the upper bent portion 23a2. Current is applied to the solenoid 26c upon starting of the engine. 
When the driver H does not fasten the seatbelt, current continues to be applied to the solenoid 26c. Once the driver 
H fastens the seatbelt, current application to the solenoid 26c is discontinued. Note that application and non-application 
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of current to the solenoid 26c may be implemented in the manner opposite to that described above. 

[0068] When the driver H moves forward and interferes with the steering wheel 17 upon head-on collision of the 

vehicle, the steering system 10a supported by such a support mechanism 20c moves the steering shaft 12 and the 

steering column 11 forward together with the support bracket 21 . 
5 [0069] The support pin 22 constituting the support mechanism 20c supporting the steering column 11 thus moves 

backward relative to the long holes 21 b within the long holes 21 b of the support bracket 21 with a force corresponding 

to the impact force. While moving backward, the support pin 22 stretches the bent plate 23 to absorb the impact energy. 

The support mechanism 20c thus absorbs the impact energy of the steering wheel 17 against the driver H, thereby 

reducing the impact force of the steering wheel 17 against the driver H. 
10 [0070] When the driver H does not fasten the seatbelt, the solenoid 26c constituting the squeezing device 26 carries 

current. The movable pin 26b therefore advances to the upper bent portion 23a2 of the bent plate 23, as shown in 

Figs. 10 and 11. Accordingly, the bent plate 23 is stretched backward from the movable pin 26b. At this time, the 

movable pin 26c and the fixed pin 26a squeeze the bent plate 23. 

[0071 ] When the driver H does not fasten the seatbelt, the support pin 22 moves relatively backward while stretching 
15 the bent plate 23, in response to the impact. At the same time, the bent plate 23 is subjected to the squeezing force 
from the fixed pin 26a and the movable pin 26b. The support mechanism 20c thus absorbs a large amount of impact 
energy. 

[0072] On the other hand, when the driver H fastens the seatbelt, the solenoid 26c constituting the squeezing device 
26 carries no current. The movable pin 26b therefore retreats away from the upper bent portion 23a2 of the bent plate 
20 23. Accordingly, the bent plate 23 is stretched backward from the fixed pin 26a. At this time, the bent plate 23 is not 
subjected to the squeezing force from the movable pin 26a, but subjected only to the squeezing force from the fixed 
pin 26a. The support mechanism 20c thus absorbs a smaller amount of impact energy as compared to the case where 
the driver H does not fasten the seatbelt. 

[0073] Fig. 12 shows a support mechanism 20d of a fourth exemplary embodiment as a first support mechanism of 

25 the invention. The support mechanism 20d of the fourth exemplary embodiment basically has the same structure as 
that of the support mechanism 20a of the first exemplary embodiment except that the support mechanism 20d employs 
two bent plates 23A, 23B having different thicknesses instead of the bent plate 23, and a deformation characteristics 
changing device 27. Accordingly, in the support mechanism 20d of the fourth exemplary embodiment, the same com- 
ponents and portions as those of the support mechanism 20a of the first exemplary embodiment are denoted with the 

30 same reference numerals and characters, and detailed description thereof will be omitted. 

[0074] The bent plates 23A, 23B of the support mechanism 20d have different deformation characteristics. The bent 
plate 23A is thick and has high deformation characteristics, whereas the bent plate 23B is thin and has low deformation 
characteristics. The bent plates 23A, 23B are bent in the same manner as that of the bent plate 23, and arranged in 
parallel with each other in the support bracket 21 . Each of the bent plates 23A, 23B has an arc-shaped bent portion 

35 23g1 , 23g2 at an intermediate position of the upper wall portion 23a. Note that the bent plates 23A, 23B may have 
different widths or may be formed from different materials so that they have different deformation characteristics. 
[0075] As shown in Figs. 12 and 14A to 14C, the deformation characteristics changing device 27 includes an electric 
motor 27a, a threaded shaft 27b integral with the output shaft of the motor 27a, and a nut member 27c retractably 
screwed on the threaded shaft 27b. The motor 27a is attached to the outer surface of one sidewall 21a of the support 

40 bracket 21 . The threaded shaft 27b rotatably extends through the sidewall 21 a and extends on the bent portions 23g1 , 
23g2 of the bent plates 23A, 23B. The nut member 27c is eccentrically screwed on the threaded shaft 27b, and engaged 
with one or both of the bent portions 23g1 , 23g2 of the bent plate 23. Note that the nut member 27c may have a non- 
circular cross section. 

[0076] The deformation characteristics changing device 27 drives the motor 27a according to whether the driver H 
45 fastens the seatbelt. Basically, the deformation characteristics changing device 27 thus selectively moves the nut mem- 
ber 27c to either the bent portion 23g1 or 23g2 of the bent plate 23 for engagement When the driver H does not fasten 
the seatbelt, the deformation characteristics changing device 27 moves the nut member 27c to the bent portion 23g1 
of the thick bent plate 23A having high deformation characteristics, as shown in Fig. 14B. When the driver H fastens 
the seatbelt, the deformation characteristics changing device 27 moves the nut member 27c to the bent portion 23g2 
so of the thin bent plate 23B having low deformation characteristics, as shown in Fig. 14A. (The bent plate 23A has high 
deformation characteristics. Therefore, large force is required to deform the bent plate 23A by a predetermined amount.). 
[0077] Accordingly, when the driver H does not fasten the seatbelt, the support pin 22 relatively moves backward 
relative to the long holes 21 b while stretching the bent plates 23A, 23B, in response to the impact. At the same time, 
the thick bent plate 23A having high deformation characteristics is subjected to the bending force from the nut member 
55 27c. The support mechanism 20d thus absorbs a large amount of impact energy when the driver H does not fasten 
the seatbelt. 

[0078] On the other hand, when the driver H fastens the seatbelt, the support pin 22 moves relatively backward while 
stretching the bent plates 23A, 23B, in response to the impact. At the same time, the thin bent plate 23B having low 
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deformation characteristics is subjected to the deforming force from the nut member 27c. When the driver H fastens 
the seatbett, the support mechanism 20d thus absorbs a smaller amount of impact energy as compared to the case 
where the driver H does not fasten the seatbelt. 

[0079] Note that, in the support mechanism 20d, the motor 27a can drive the nut member 27c to be positioned across 
5 the bent portions 23g1, 23g2 of the bent plates 23A, 23B t as shown in Fig. 14C. In this state, the nut member 27c 
bends both bent plates 23A, 23B simultaneously, allowing the support mechanism 20d to absorb a further increased 
amount of impact energy. In the case of a driver with a good constitution (see the driver Hr in Fig. 1), the motor 27a 
may drive the nut member 27c to the state of Fig. 14C and the state of Fig. 14A or 14B. 

[0080] Figs. 15Ato 15C show a support mechanism 20e of a fifth exemplary embodiment as a first support mechanism 
10 of the invention. The support mechanism 20e of the fifth exemplary embodiment basically has the same structure as 
that of the support mechanism 20a of the first exemplary embodiment except that the support mechanism 20e employs 
a slide pin device 28 as a deformation characteristics changing device instead of the engaging device of the support 
mechanism 20a of the first exemplary embodiment. Accordingly, in the support mechanism 20e of the fifth exemplary 
embodiment, the same components and portions as those of the support mechanism 20a of the first exemplary em- 
15 bodiment are denoted with the same reference numerals and characters, and a detailed description thereof will be 
omitted. 

[0081] The slide pin device 28 constituting the support mechanism 20e includes a wedge slide pin (slide plate) 28a 
having a shape of approximately right triangle when viewed laterally, a tilted support member 28b for slidably holding 
the slide pin 28a, and a not-shown driving device that advances and retracts the slide pin 28a. Note that the driving 
20 device may be an electrical device that advances or retracts the slide pin 2Ba by a solenoid, or a mechanical device 
that pushes and pulls the slide pin 28a by a cable. 

[0082] The slide pin 28a perpendicularly crosses the upper wall portion 23a of the bent plate 23 while abutting on 
the lower surface of the upper wall portion 23a. As shown in Fig. 15B, in the initial state where the driving device is not 
operated, the slide pin 28a perpendicularly advances relative to the upper wall portion 23a of the bent plate 23, and 
25 locally raises the upper wall portion 23a to form a protruding portion 23h. When the driver H fastens the seatbelt, the 
driving device is operated to retract the slide pin 28a by a prescribed amount relative to the upper wall portion 23a of 
the bent plate 23, as shown in Fig. 15C. 

[0083] When the driver H moves forward and interferes with the steering wheel 17 upon head-on collision of the 
vehicle, the steering system 10a supported by such a support mechanism 20e moves the steering shaft 12 and the 

30 steering column 11 forward together with the support bracket 11 . 

[0084] The support pin 22 constituting the support mechanism 20e supporting the steering column 11 thus moves 
backward within the long holes 21b of the support bracket 21 with a force corresponding to the impact force. While 
moving backward, the support pin 22 stretches the bent plate 23 to absorb the impact energy. The support mechanism 
20e thus absorbs the impact energy of the steering wheel 1 7 against the driver H, thereby reducing the impact force 

35 of the steering wheel 1 7 against the driver H. 

[0085] When the driver H does not fasten the seatbelt, the support mechanism 20e is in the same state as the initial 
state shown in Figs. 15A, 15B, and the bent plate 23 is stretched backward from the slide pin 28a. As shown in Figs. 
1 7A and 1 7B, the slide pin 28a deforms the relatively moving bent plate 23 into the same shape as that of the protruding 
portion 23h. As a result, when the driver H does not fasten the seatbelt, the support pin 22 relatively moves backward 

40 while stretching the bent plate 23, in response to the impact. At the same time, the bent plate 23 is subjected to the 
deforming force from the slide pin 28a. The support mechanism 20e thus absorbs a large amount of impact energy. 
[0086] On the other hand, when the driver H fastens the seatbelt, the driving device retracts the slide pin 28a by a 
prescribed amount relative to the upper wall portion 23a of the bent plate 23. Accordingly, as shown in Figs. 16A and 
16B, the bent plate 23 is stretched backward without being subjected to any deforming force from the slide pin 28a. 

45 The support mechanism 20e thus absorbs a smaller amount of impact energy as compared to the case where the 
driver H does not fasten the seatbelt. 

[0087] Figs. 1 8 to 22 show a support mechanism 20f of a sixth exemplary embodiment as a first support mechanism 
of the invention. The support mechanism 20f of the sixth exemplary embodiment basically has the same structure as 
that of the support mechanism 20a of the first exemplary embodiment except that the support mechanism 20f employs 
so a pin interfering device 29 as a deformation characteristics changing device instead of the engaging device 24 of the 
support mechanism 20a of the first exemplary embodiment. Accordingly, in the support mechanism 20f of the sixth 
exemplary embodiment, the same components and portions as those of the support mechanism 20a of the first exem- 
plary embodiment are denoted with the same reference numerals and characters, and a detailed description thereof 
will be omitted. 

55 [0088] The pin interfering device 29 in the support mechanism 20f of the sixth embodiment includes first and second 
solenoids 29a, 29b, a support plate 29c, a spring 29a2, a pair of long guide pins 29d1 , 29d2, a pair of short interfering 
pins 29e1 , 29e2, and a support pin 29f . The support plate 29c is pivotally supported to the tip of a plunger 29a1 of the 
first solenoid 29a. The spring 29a2 biases the support plate 29c in the direction in which the plunger 29a1 protrudes. 
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The pair of long guide pins 29d1 , 29d2 and the pair of short interfering pins 29e1 , 29e2 are mounted to the support 
plate 29c. The support pin 29f is connected to the second solenoid 29b, so as to advance and retreat within a long 
hole 29c1 of the support plate 29. 

[0089] One guide pin 29d1 is disposed at an upper front position of the support plate 29c, and the other guide pin 
s 29d2 is disposed at a central rear position of the support plate 29c. The interfering pins 29e1 , 29e2 are disposed at a 
distance in the vertical direction between the guide pins 29d1 , 29d2 in the support plate 29c. The support plate 29c is 
in an advanced position (see Fig, 20A) when the first solenoid 29a carries no current. The support plate 29c moves to 
a retracted position (see Fig. 21 A) when current is applied to the first solenoid 29a. The support pin 29f advances into 
the long hole 29c1 of the support plate 29c when the second solenoid 29b carries no current. The support pin 29f 
10 retreats away from the long hole 29c 1 of the support plate 29c when current is applied to the second solenoid 29b. 
[0090] The bent plate 23 is moved with its upper wall portion 23a guided by the guide pins 29d1 , 29b2. When the 
support plate 29c is in the advanced position, the interfering pins 29e1 , 29e2 face the course of the movement of the 
bent plate 23, as shown in Figs. 20A and 20B. The interfering pins 29e1 , 29e2 thus guide the moving bent plate 23 
while interfering with it. When the support plate 29c is in the retracted position, the interfering pins 29e1, 29e2 are 
is located away from the course of the movement of the bent plate 23, as shown in Figs. 21 A and 21 B. Therefore, the 
interfering pins 29e1 , 29e2 will not interfere with the moving bent plate 23. 

[0091] When the driver H moves forward and interferes with the steering wheel 17 upon head-on collision of the 

vehicle, the steering system 10a supported by such a support mechanism 20f moves the steering shaft 12 and the 

steering column 11 forward together with the support bracket 21 . 
20 [0092] The support pin 22 constituting the support mechanism 20f supporting the steering column 11 thus moves 

backward relative to the long holes 21b within the long holes 21 b of the support bracket 21 with a force corresponding 

to the impact force. While moving backward, the support pin 22 stretches the bent plate 23 to absorb the impact energy. 

The support mechanism 20f thus absorbs the impact energy of the steering column 17 against the driver H, thereby 

reducing the impact force of the steering wheel 17 against the driver H. 
25 [0093] The support mechanism 20f absorbs an increased amount of impact energy because of the bending effect 

of the pin interfering device 29. The bending effect of the pin interfering device 29 may be changed as appropriate by 

the switching (ON/OFF) control of the solenoids 29a, 29b. 

[0094] More specifically, when the first solenoid 29a carries no current, the support plate 29c is in the advanced 
position and allows the guide pins 29d1 , 29d2 and the interfering pins 29e1 , 29e2 to face the course of the movement 

30 of the bent plate 23, as shown in Figs. 20A and 20B. Accordingly, the bent plate 23 is bent by the interfering pins 29e1 , 
29e2 to a large degree while moving relatively. On the other hand, when the first solenoid 29a carries current, the 
support plate 29c is in the retracted position, and the interfering pins 29e1 , 29e2 retreat away from the course of the 
movement of the bent plate 23, as shown in Figs. 21 A and 21 B. Accordingly, the interfering pins 29e1, 29e2 do not 
interfere with the bent plate 23. The bent plate 23 is thus slightly bent by the guide pins 29d1, 29d2, as shown by 

35 dashed line in Fig. 21 B. 

[0095] These bending effects are changed by the switching (ON/OFF) control of the second solenoid 29b. More 
specifically, when the second solenoid 29b carries no current, the support pin 29f advances into the long hole29c1 of 
the support plate 29c. This restricts pivoting of the support plate 29c, so that the support plate 29c is in the fixed state. 
As a result, the guide pins 29d1 , 29d2 and the interfering pins 29e1 , 29e2 are located at the positions shown in Fig. 

40 20B or 21 B, providing the different bending effects described above. 

[0096] On the other hand, when the second solenoid 29b carries current, the support pin 29f retreats away from the 
long hole 29c1 of the support plate 29c. Therefore, the support plate 29c is pivotable about the plunger 29a1 of the 
first solenoid 29a. While the bent plate 23 is being stretched, the support plate 29c pivots as shown by phantom line 
in Fig. 22 so as to increase the tilt angle of the line connecting the respective centers of the guide pins 29d1 , 29d2 and 

<5 the line connecting the respective centers of the interfering pins 29e1 , 29e2 relative to the vertical line. 

[0097] In this case, the bent plate 23 is bent to a smaller degree between the guide pins 29d1 , 29d2 and between 
the interfering pins 29e1 , 29e2 as compared to the case where pivoting of the support plate 29c is restricted. The 
support mechanism 20f thus absorbs a reduced amount of impact energy. Table 1 below shows the amount of impact 
energy absorbed by the support mechanism 20f as a result of the switching (ON/OFF) control of the solenoids 29a, 

so 29b. In Table 1, "SOL1" and "SOL2" indicates the first solenoid 29a and the second solenoid 29b, respectively, and 
"EA Load" indirectly indicates the amount of impact energy absorbed by the support mechanism 20f. 



[Table 1] 



EA Load 


Large 


Medium 


Medium 


Small 


1 SOL1 


OFF 


ON 


OFF 


ON 


SOL2 


OFF 


OFF 


ON 


ON 
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[0098] As can be seen from Table 1 , switching (ON/OFF) control of the solenoids 29a, 29b enables implementation 
of various modes of the support mechanism 20f absorbing different amounts of impact energy. Accordingly, appropriate 
switching (ON/OFF) control of the solenoids 29a, 29b enables optimization of the respective amounts of impact energy 
to be absorbed by the support mechanism 20f when the driver H does and does not fasten the seatbelt. Moreover, the 
5 amount of impact energy to be absorbed by the support mechanism 20f can be optimized in view of a physical consti- 
tution of the driver H (which is detected by the seated position sensor 93 of Fig. 1 or the weight sensor mounted in the 
driver's seat), vehicle speed and the like. 

[0099] Figs. 23 and 24 show a steering system 10b employing a support mechanism 30a of a seventh exemplary 
embodiment as a second support mechanism of the invention. The steering system 10b includes a steering column 
10 11 and a steering shaft 12 extending therethrough. The steering shaft 12 is supported within the steering column 11 
so as to be rotatable in the circumferential direction. 

[0100] In the steering system 10b, a front part of the steering column 11 is supported to a part of the vehicle body 
by the lower support bracket 15 so that the steering column 11 can break away therefrom in the forward direction. An 
intermediate part of the steering column 1 1 is supported to a part of the vehicle body by the upper support bracket 13 
is and a pair of right and left support mechanisms 30a. These support mechanisms 30a are mounted on both sides of 
the steering system 10b 

[01 01] Each support mechanism 30a includes an energy absorbing plate 31 and a squeezing clip 32 like the known 
support mechanism disclosed in Japanese Patent Laid-Open Publication No. 8-295249 by the applicant. Each support 
mechanism 30a further includes a deformation characteristics changing device 33. The front end of the steering shaft 
20 12 is coupled to a steering link mechanism (see the steering link mechanism 16 in Fig. 1), and a steering wheel (see 
the steering wheel 17 in Fig. 1) incorporating an airbag (see the airbag 18 in Fig. 1) is mounted to the rear end of the 
steering shaft 12. 

[01 02] As shown in Figs. 25 A and 25B, the energy absorbing plate 31 is attached to the vehicle body with a bolt 13a 
inserted into a bolt insertion hole 31a formed at the rear end. The bolt 13a is used to attach the upper support bracket 

25 13 serving as a breakaway bracket to the vehicle body. The squeezing clip 32 has a curved pressing portion 32a, and 
is mounted on the energy absorbing plate 31 . In this state, the squeezing clip 32 is fixed to the upper support bracket 
13. The squeezing clip 32 together with the upper support bracket 13 clips the energy absorbing plate 31 in the vertical 
direction. The squeezing clip 32 thus squeezes and deforms the energy absorbing plate 31 in the longitudinal direction 
while moving relative to the energy absorbing plate 31 upon collision of the vehicle. 

30 [0103] When the driver H moves forward and interferes with the steering wheel 17 upon head-on collision of the 
vehicle, the steering system 10b supported by the supporting mechanisms 30a moves the steering shaft 12 and the 
steering column 11 forward together with the upper support bracket 13. The energy absorbing plates 31 constituting 
the support mechanisms 30a supporting the steering column 11 thus moves relative to the respective squeezing clips 
32. While the energy absorbing plates 31 are moving relative to the respective squeezing clips 32, the squeezing clips 

35 32 gradually squeeze the respective energy absorbing plates 31 in the longitudinal direction to absorb the impact 
energy. Accordingly, the support mechanisms 30a absorb the impact energy of the steering wheel 1 7 against the driver 
H, thereby reducing the impact force of the steering wheel 17 against the driver H. 

[0104] Each support mechanism 30a includes a deformation characteristics changing device 33. As shown in Figs. 
25A and 25B, the deformation characteristics changing device 33 includes a pair of sector gears 33a, 33b, a pair of 

40 squeezing pins 33c, 33d, and an electric motor 33e for rotating the sector gears 33a, 33b. The pair of sector gears 
33a, 33b are disposed on both sides of the energy absorbing plate 31 in the width direction thereof, and rotatabfy 
mounted to the upper support bracket 13. The pair of squeezing pins 33c, 33d are mounted to the respective sector 
gears 33a, 33b, and extend vertically on both sides of the energy absorbing plate 31 in the width direction thereof. A 
pinion 33f mounted at the output shaft of the motor 33e meshes with one sector gear 33a to allow power transmission 

45 from the motor 33e. The sector gears 33a, 33b mesh with each other, and are rotated in the opposite directions by the 
motor 33e. 

[0105] Fig. 25A shows the initial state of the support mechanism 30a. In the initial state, the squeezing pins 33c, 33d 
of the deformation characteristics changing device 33 are fitted in arc-shaped recesses 31b, 31c formed at the side 
edges of the energy absorbing plate 31 , respectively. When the driver H fastens the seatbelt 91 as illustrated in Fig. 
so 1 , the motor 33e rotates by a prescribed amount. The motor 33e thus rotates the sector gears 33a, 33b by a prescribed 
amount so as to separate the squeezing pins 33c, 33d away from the respective arc-shaped recesses 31b, 31c formed 
at the side edges of the energy absorbing plate 31 . 

[0106] The support mechanism 30a is in the same state as the initial state in Fig. 25A when the driver H does not 
fasten the seatbelt. Therefore, while the energy absorbing plate 31 is moving relative to the deformation characteristics 
55 changing device 33 relatively, both sides thereof are deformed by the squeezing force of the squeezing pins 33c, 33d. 
As shown in Fig. 25B, when the driver H does not fasten the seatbelt, the energy absorbing plate 31 relatively moves 
backward while being deformed by the squeezing clip 32, in response to the impact. At the same time, both side edges 
of the energy absorbing plate 31 are deformed by the squeezing force of the squeezing pins 33c, 33d of the deformation 
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characteristics changing device 33. The support mechanism 30a thus absorbs a large amount of impact energy. 
[0107] On the other hand, when the driver H fastens the seatbelt, the motor 33e drives the squeezing pins 33c, 33d 
away from the arc-shaped recesses 31b, 31c formed at the side edges of the energy absorbing plate 31. Therefore, 
the squeezing pins 33c, 33d will not apply any squeezing force to the side edges of the energy absorbing plate 31 . 
5 [0108] Accordingly, the energy absorbing plate 31 is stretched backward without being subjected to any deforming 
force from the squeezing pins 33c, 33d. The support mechanism 30a thus absorbs a smaller amount of impact energy 
as compared to the case where the driver H does not fasten the seatbelt. 

[01 09] Fig. 26 shows a support mechanism 30b of an eighth exemplary embodiment as a second support mechanism 
of the invention. The support mechanism 30b is a modification of the support mechanism 30a of the seventh exemplary 

10 embodiment. The support mechanism 30b employs an energy absorbing plate 34 having its width gradually increased 
from the portion held by the squeezing pins 33c, 33d toward the front. This enables the energy absorbing plate 34 to 
be subjected to a gradually increasing squeezing force from the squeezing pins 33c, 33d while moving relative to the 
deformation characteristics changing device 33 relatively. As a result, the amount of impact energy absorbed by the 
support mechanism 30b can be increased gradually. 

15 [01 10] Figs. 27 and 28 show a steering system employing a support mechanism 1 20 of a ninth exemplary embodiment 
as a third support mechanism of the invention. This steering system Includes a steering column 111 and a steering 
shaft 112 extending therethrough. The steering shaft 112 is supported within the steering column 111 so as to be 
rotatable in the circumferential direction. 

[0111] In this steering system, a rear part of the steering column 111 is supported to a part of the vehicle body (not 
20 shown) by an upper support bracket 113. A front part of the steering column 111 is supported to a part of the vehicle 
(not shown) by the support mechanism 1 20. Like the first embodiment of Fig. 1 , with the steering system being mounted 
in the vehicle, the front end of the steering shaft 112 is coupled to a steering link mechanism (see the steering link 
mechanism 1 6 in Fig. 1 ). A steering wheel (see the steering wheel 1 7 in Fig. 1 ) incorporating an airbag (see the airbag 
18 in Fig. 1) is mounted to the rear end of the steering shaft 112. 
25 [0112] Note that the upper support bracket 113 is mounted to a part of the vehicle, and supports the steering column 
111 so that the steering column 111 can break away therefrom in the forward direction. The upper support bracket 113 
allows the steering column 111 to break away therefrom in the forward direction of the vehicle when a prescribed load 
is applied to the steering column 111 in the forward direction. The upper support bracket 113 has a tilt lock mechanism. 
Figs. 27 and 28 show an operation lever 114 for operating the lock mechanism for locking and unlocking. 
30 [01 1 3] As shown in Figs. 29 to 31 , the support mechanism 1 20 includes a support bracket 121 as a support member, 
a support pin 122, a first bent plate 123 as a first energy absorbing member, a second bent plate 124 as a second 
energy absorbing member, and an engaging device 125 as an engaging/disengaging device. 

[0114] The support bracket 121 has a portal shape and is long sideways when viewed longitudinally. The support 
bracket 121 has sidewalls 121a facing each other, and a long hole 121b is formed in each of the sidewalls 121a so 

35 that the respective long holes 121b face each other. Each long hole 121b extends backward from a position somewhat 
ahead of the center of the sidewall 121a in the obliquely upward direction. Each long hole 121b includes a circular hole 
portion 121 b1 as a base end (front end), an elongated hole portion 121b2 extending backward from the circular hole 
portion 121b1 in the obliquely upward direction, and a narrowed portion 121b3 connecting the hole portions 121b1, 
1 21 b2 together. The elongated hole portion 1 21 b2 has approximately the same width W as the diameter of the circular 

40 hole portion 1 21 b1 . The support bracket 1 21 is fixed to the upper portion of the outer periphery of the steering column 
111 at the respective lower ends of both sidewalls 121a. 

[01 15] The support pin 122 is mounted to a not-shown bracket disposed at a part of the vehicle body, and extends 
through the long holes 1 21 b of the support bracket 1 21 . in this state, the support pin 1 22 supports the front end of the 
steering column 111 to a part of the vehicle body through the support bracket 121 so that the steering column 111 is 
45 pivotable in the upward direction. The support pin 122 initially extends through the circular hole portions 121b1 of the 
long holes 121b of the support bracket 121 . By moving relative to the support bracket 121 , the support pin 122 moves 
backward within the elongated hole portions 121b2 beyond the narrowed portions 121b3. 

[01 1 6] The first bent plate 1 23 has a prescribed width and is bent by approximately 270 degrees. The first bent plate 
123 includes an upper wall portion 123a, a lower wall portion 123b, an arc-shaped wall portion 123c and a vertical wall 

50 portion 123d. The upper wall portion 123a and the lower wall portion 123b face each other at a prescribed distance. 
The arc-shaped wall portion 1 23c connects the wall portions 1 23a, 1 23b together. The vertical wall portion 1 23d extends 
perpendicularly from the end of the lower wall portion 123b. The first bent plate 123 is positioned by a plurality of pins 
121c arranged to surround the outer periphery of the circular hole portions 1 21 b1 of the long holes 21 b in the sidewalls 
121 a of the support bracket 121 . In this state, the first bent plate 123 is fixedly welded to the support bracket 121 . The 

55 first bent plate 123 surrounds the support pin 122 within the support bracket 121. The vertical wall portion 123d is 
located ahead of the support pin 1 22, and the arc-shaped wall portion 1 23c is located behind the support pin 1 22 and 
extends across the elongated hole portions 121b2 of the long holes 121b. 

[0117] The second bent plate 124 has a prescribed width and is bent by approximately 270 degrees. The second 
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bent plate 124 is sized to fit the first bent plate 123 therein. The second bent plate 124 includes an upper wail portion 
124a, a lower wall portion 124b and an arc-shaped wall portion 124c. The upper wall portion 124a and the lower wall 
portion 124b face each other at a prescribed distance. The arc-shaped wall portion 124c connects the wall portions 
124a, 124b together. The lower wall portion 124b has an engaging hole 124d at its front end. The second bent plate 
5 1 24 is disposed within the support bracket 1 21 , and contacts the outer periphery of the first bent plate 1 23 in a separable 
manner. 

[0118] The engaging device 125 includes a solenoid 125a and an engaging pin 125b. The engaging pin 125b ad- 
vances and retreats according to whether current is applied to the solenoid 1 25a. The engaging device 1 25 is disposed 
in a front portion within the support bracket 121 . The engaging pin 125b faces the engaging hole 124d of the second 
10 bent plate 124. When the solenoid 125a of the engaging device 125 carries current, the engaging pin 125b advances 
into the engaging hole 124d of the second bent plate 124. When the solenoid 125a no longer carries current, the 
engaging pin 125b retreats away from the engaging hole 124d of the second bent plate 124. 

[0119] Accordingly, the front end of the second bent plate 124 is fixed to the support bracket 121 when the solenoid 
125a carries current, and is disengaged from the support bracket 121 when the solenoid 125a carries no current. 

15 Current is applied to the solenoid 125a upon starting of the engine. While the driver H does not fasten the seatbelt (like 
the embodiment shown in Fig. 1 , whether the driver H fastens the seatbelt is detected by the sensor 92 mounted in 
the driver's seatbelt 91), an electrical control unit ECU continues to apply current to the solenoid 125a, as in the em- 
bodiment shown in Fig. 1 . Once the driver H fastens the seatbelt 91 , the electrical control unit ECU discontinues current 
application to the solenoid 125a, as in the embodiment shown in Fig. 1. Note that application and non-application of 

20 current to the solenoid 125a may be implemented in the manner opposite to that described above. 

[0120] When the driver H moves forward and interferes with the steering wheel 17 upon a head-on collision of the 
vehicle, the steering system including such a support mechanism 120 moves the steering shaft 112 and the steering 
column 111 forward. The support pin 122 of the support mechanism 120 supporting the steering column 111 thus moves 
backward within the long holes 121 b of the support bracket 121 with a force corresponding to the impact force. While 

25 moving backward, the support pin 122 stretches the first bent plate 123 to absorb the impact energy. The support 
mechanism 120 thus absorbs the impact energy of the steering wheel 17 against the driver H, thereby reducing the 
impact force of the steering wheel 17 against the driver H. 

[01 21] When the driver H does not fasten the seatbelt (i.e., when the predicted impact force applied from the steering 
column to the driver H is large), the solenoid 125a constituting the engaging device 125 carries current. The engaging 

30 pin 1 25b therefore advances into the engaging hole 1 24d of the second bent plate 1 24, as shown in Fig. 29. The second 
bent plate 124 is thus fixed to the support bracket 121 . On the other hand, when the driver H fastens the seatbelt (when 
the predicted impact force applied from the steering column to the driver H is small), the solenoid 125a constituting 
the engaging device 125 carries no current. The engaging pin 125b therefore retreats from the engaging hole 124d of 
the second bent plate 124. The second bent plate 124 is thus disengaged from the support bracket 121 . 

35 [0122] As shown in Fig. 30, when the driver H does not fasten the seatbelt, the support pin 122 moves backward 
while stretching both first and second bent plates 123, 124, in response to the impact. The support mechanism 120 
thus absorbs a large amount of impact energy. As shown in Fig. 31 , when the driver H fastens the seatbelt, the support 
pin 122 moves backward while stretching only the first bent plate 123, in response to the impact. In other words, the 
support pin 122 does not stretch the second bent plate 124. The support mechanism 120 thus absorbs a smaller 

40 amount of impact energy as compared to the case where the driver H does not fasten the seatbelt. 

[0123] The support mechanism 120 is thus capable of changing the absorption amount of impact energy according 
to whether the driver H fastens the seatbelt or not (i.e., according to the predicted impact force applied from the steering 
column to the driver H). The support mechanism 120 makes good use of the structure of a support mechanism that is 
essential for supporting the steering system to a part of the vehicle body. Accordingly, the support mechanism 120 can 

45 be inexpensively manufactured with a relatively simple structure without complicating the structure of the steering 
system. As a result, increase in costs can be significantly suppressed. 

[0124] Figs. 32 to 34B show a support mechanism 130 of a tenth exemplary embodiment as a third support mech- 
anism of the invention. Like the support mechanism 120 of the ninth exemplary embodiment, the support mechanism 
130 serves to support a front part of the steering column 111 to a part of the vehicle body. 
50 [0125] The support mechanism 130 includes a pair of right and left support brackets 131 as support members, a 
support pin 132, a bent plate 133 as an energy absorbing member, a cam 134, an electric motor 135 as a driving 
device, and a fixed bracket 136 for supporting the cam 134 and the electric motor 135. 

[0126] Each support bracket 131 has asidewall 131a. Each sidewall 131a has along hole 131b extending backward 
from an anterior position in the obliquely upward direction. The long hole 131b includes a circular hole portion 131b1 
55 as a base end (front end), and an elongated hole portion 131b2 extending backward from the circular hole portion 
131b1 in the obliquely upward direction. The circular hole portion 131b1 has a diameter larger than the width of the 
elongated hole portion 131b2. Each support bracket 131 is fixed to the upper portion of the outer periphery of the 
steering column 111 at their respective lower ends. 
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[0127] The support pin 132 is mounted to the fixed support bracket 136 so as to extend through the long holes 131b 
of the support brackets 131. The fixed support bracket 1 36 is fixed to a part of the vehicle body. In this state, the support 
pin 132 supports the front end of the steering column 111 to a part of the vehicle body through the support brackets 

131 so that the steering column 111 is pivotable in the vertical direction. The support pin 132 initially extends through 
5 the circular hole portions 131 b1 of the long holes 131b of the support brackets 131. By moving relative to the support 

bracket 131 , the support pin 132 moves backward within the elongated hole portions 131b2. 

[0128] The bent plate 133 has a prescribed width and is bent by approximately 270 degrees. The bent plate 133 
includes an upper wall portion 133a, a lower wall portion 133b, an arc-shaped wall portion 133c and a vertical wall 
portion 133d. The upper wall portion 133a and the lower wall portion 133b face each other at a prescribed distance. 

io The arc-shaped wall portion 133c connects the wall portions 133a, 133b together. The vertical wall portion 133d extends 
perpendicularly from the end of the lower wall portion 133b. The bent plate 133 is disposed between the support plates 
1 31 , and the lower wall portion 1 33b thereof is fixed to the upper portion of the outer periphery of the steering column 
111, The bent plate 133 surrounds the cam 134 that is mounted on the intermediate portion of the support pin 132. 
The arc-shaped wall portion 1 33c is located behind the cam 1 34 and extends across the elongated hole portions 1 3 1 b2 

15 of the long holes 131b. 

[0129] The cam 134 is a rectangular block with arc-shaped front and rear ends. The cam 134 is rotatably mounted 
to the outer periphery of the support pin 1 32. As shown in Fig. 34A, the width W2 between one of the pairs of opposing 
surfaces of the cam 134 is slightly smaller than the diameter of the circular hole portion 131b1 of the long hole 131b 
in each support bracket 131, and is larger than the width of the elongated hole portion 1 31 b2. The width W1 between 
20 the other pair of opposing surfaces of the cam 1 34 is slightly smaller than the width of the elongated hole portion 1 31 b2 
of the long hole 131b in each support bracket 131. 

[01 30] The electric motor 1 35 rotates the cam 1 34 to change the width of the cam 1 34 facing the width of the elongated 
hole portion 131b2 of the long hole 131 b. As shown in Fig. 32, the electric motor 135 is connected to the side surface 
of the cam 134 by a forked connecting portion 135b formed at the tip of an output shaft 135a. When the driver H 

25 unfastens the seatbelt, the electric motor 1 35 rotates by a prescribed amount to rotate the cam 134 by approximately 
90 degrees. The electric motor 1 35 thus rotates the cam 1 34 as shown in Fig. 34A when the driver H does not fasten 
the seatbelt, and rotates the cam 1 34 as shown in Fig. 34B when the driver H fastens the seatbelt. 
[0131] When the driver H moves forward and interferes with the steering wheel upon head-on collision of the vehicle, 
the steering system supported by such a support mechanism 1 30 moves the steering shaft 1 1 2 and the steering column 

30 111 forward. As a result, both the support pin 132 of the support mechanism 130 supporting the steering column 111 
and the cam 1 34 relatively move backward within the long holes 1 31 b of the support brackets 131 with a force corre- 
sponding to the impact force. While the support pin 132 and the cam 134 are moving relatively, the.cam 134 stretches 
the bent plate 133 to absorb the impact energy. The support mechanism 130 thus absorbs the impact energy of the 
steering wheel against the driver H, thereby reducing the impact force of the steering wheel against the driver H. 

35 [0132] When the driver H does not fasten the seatbelt, the electric motor 135 rotates the cam 134 as shown in Fig. 
34A. Upon collision, the cam 134 moves backward together with the support pin 132 while deforming the bent plate 

1 32 and successively deforming the upper and lower side edges of the elongated hole portions 1 31 b-2 of the long holes 
131b. The support mechanism 130 thus absorbs a large amount of impact energy. On the other hand, when the driver 
H fastens the seatbelt, the electric motor 135 rotates the cam 134 as shown in Fig. 34B. Upon collision, the cam 134 

40 relatively moves backward together with the support pin 1 32 while merely deforming the bent plate 1 32. In other words, 
the cam 134 passes through the elongated hole portions 131b2 of the long holes 131b without deforming the upper 
and lower side edges of the elongated hole portions 1 31 b2. The support mechanism 1 30 thus absorbs a small amount 
of impact energy. 

[0133] Like the support mechanism 120 of the ninth exemplary embodiment, the support mechanism 130 is capable 
45 of changing the absorption amount of impact energy according to whether the driver H fastens the seatbelt or not (i. 
e., according to the predicted impact force applied from the steering column to the driver H). The support mechanism 
1 30 makes good use of the structure of a support mechanism that is essential for supporting the steering system to a 
part of the vehicle body. Accordingly, the support mechanism 130 has the same effects as those of the support mech- 
anism 120 of the ninth exemplary embodiment. Note that, in the support mechanism 130, the electric motor 135 rotates 
50 the cam 134 by approximately 90 degrees. However, the electric motor 135 may rotate the cam 134 in multiple stages 
by, e.g., approximately 45 or 90 degrees. 

[0134] The support mechanism 20a of the first exemplary embodiment employs the solenoid 24a as a driving device. 
The support mechanism 20b of the second exemplary embodiment employs the solenoid 25a as a driving device. The 
support mechanism 20c of the third exemplary embodiment employs the solenoid 26c as a driving device. The support 
55 mechanism 20d of the fourth exemplary embodiment employs the electric motor 27a as a driving device. The support 
mechanism 20f of the sixth exemplary embodiment employs the solenoids 29a, 29b as a driving device. The support 
mechanism 30a of the seventh exemplary embodiment and the support mechanism 30b of the eighth embodiment 
employ the electric motor 33e as a driving device. The support mechanism 120 of the ninth exemplary embodiment 
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employs the solenoid 125a as a driving device. The support mechanism 130 of the tenth exemplary embodiment 
employs the electric motor 135 as a driving device. However, the above driving device may be changed as necessary. 
[0135] In each of the above exemplary embodiments, the energy absorbing characteristics of the variable energy 
absorbing mechanism (the energy absorbing mechanism having the deformation characteristics changing device) in- 

5 eluded in each support mechanism vary according to whether the driver fastens the seatbelt. However, the energy 
absorbing characteristics of the energy absorbing mechanism capable of changing an energy absorption amount (the 
energy absorbing mechanism having the deformation characteristics changing device) included in each support mech- 
anism may vary according to whether the driver fastens the seatbelt and the seated position of the driver (more spe- 
cifically, if the driver does not fasten the seatbelt, the variable energy absorbing mechanism may absorb a larger amount 

10 of energy in the case where the seated position of the driver is ahead of or behind a preset position as compared to 
the case where the seated position is the preset position). 

[0136] In this case, whether the driver H fastens the seatbelt is detected by the sensor 92 illustrated in Fig. 1 , and 
the seated position of the driver H is detected by the seated position detecting sensor 93 illustrated in Fig. 1 . Therefore, 
the sensors 92, 93 of Fig. 1 are capable of detecting that the driver does not fasten the seatbelt and the seated position 

is of the driver is the preset position (i.e., the driver H with a standard constitution as shown by solid line in Fig. 1 does 
not fasten the seatbelt). The sensors 92, 93 are also capable of detecting that the driver does not fasten the seatbelt 
and the seated position of the driver is ahead of the preset position (i.e., the driver Hf with a poor constitution as shown 
by phantom line in Fig. 1 does not fasten the seatbelt). The sensors 92, 93 are also capable of detecting that the driver 
does not fasten the seatbelt and the seated position of the driver is behind the preset position (i.e., the driver Hr with 

20 a good constitution as shown by phantom line in Fig. 1 does not fasten the seatbelt). 

[0137] Accordingly, when the driver does not fasten the seatbelt and the seated position of the driver is the preset 
position, each of the above support mechanisms provides the same effect as that provided when the driver fastens 
the seatbelt (i.e., the support mechanism absorbs a small amount of impact energy). When the driver does not fasten 
the seatbelt and the seated position of the driver is ahead of or behind the preset position, each of the above support 

25 mechanisms provides the same effect as that obtained when the driver does not fasten the seatbelt (i.e., the support 
mechanism absorbs a large amount of impact energy). 

[0138] As a result, even if the driver Hf with a poor constitution as shown by phantom line in Fig. 1 does not fasten 
the seatbelt and the airbag 18 mounted in the steering wheel 17 does not work well upon head-on collision of the 
vehicle, each of the above support mechanisms accurately reduces the impact force of the steering wheel 1 7 against 
so the driver Hf. Moreover, if the driver Hr with a good constitution as shown by phantom line in Fig. 1 does not fasten the 
seatbelt, the airbag 1 8 mounted in the steering wheel 1 7 and each of the above support mechanisms accurately reduce 
the impact force of the steering wheel 17 against the driver Hr (the impact force larger than that applied to the driver 
H with a standard constitution) upon head-on collision of the vehicle. 

[01 39] In each of the support mechanisms of the above embodiments, the airbag 1 8 is mounted in the steering wheel 

35 17 as illustrated in Fig. 1 so that the impact energy is absorbed also by the airbag 18 upon head-on collision of the 
vehicle. This enables reduction in the preset energy absorption amount of the variable energy absorbing mechanism 
mounted on the side of at least one of the steering column and the vehicle body in the support mechanism, and thus 
enables reduction in size of the energy absorbing mechanism (i.e., reduction in size in the longitudinal direction of the 
vehicle, that is, in the relative movement direction). 

40 [0140] The support mechanisms according to the embodiments of the invention are thus capable of changing the 
absorption amount of impact energy according to the predicted impact force applied from the steering column to the 
driver. The support mechanisms make good use of the structure of a support mechanism that is essential for supporting 
the steering system to a part of the vehicle body. Accordingly, the support mechanisms can be inexpensively manu- 
factured with a relatively simple structure without complicating the structure of the steering system. As a result, increase 

45 in costs can be significantly suppressed. 

[0141] In all the embodiments, note that, in addition to whether the driver fastens the seatbelt, the predicted impact 
force may be calculated based on the signals from various sensors for detecting the vehicle speed, physical constitution 
of the driver and the like (e.g., a seated position sensor mounted in the driver's seat for detecting the seated position 
of the driver, or a weight sensor) (the predicted impact force is always calculated during running of the vehicle). These 

50 modified embodiments achieved the following object. - - 

[0142] It is the object to provide a simplified support mechanism of a steering system that is capable of absorbing a 
different amount of impact energy according to a predicted impact force obtained based on whether the driver fastens 
the seatbelt, vehicle speed, physical constitution of the driver and the like, and that does not cooperate with an airbag 
mounted in a steering wheel. 

55 [01 43] A first aspect for achieving this object relates to a support mechanism of a steering system, and more partic- 
ularly, relates to a support mechanism of a steering system for supporting, to a part of a vehicle body, a steering column 
that supports a steering shaft so that the steering shaft is rotatable in a circumferential direction. The support mechanism 
according to the first aspect includes a support member fixed to the steering column, a support pin extending through 
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a longitudinal long hole in the support member, and attached to a part of the vehicle body to support the steering column 
to the vehicle body through the support member, an energy absorbing member mounted in the support member, and 
first and second energy absorbing members that are capable of being deformed by the support pin when the support 
pin moves relative to the long hole within the long hole. The first and the second energy absorbing members are 

5 provided with the support member. The support pin deforms the first energy absorbing member when the predicted 
impact force is smaller than a predetermined value, and deforms the first and the second energy absorbing member 
simultaneously when the predicted impact force is equal to or is larger than the predetermined value. 
[01 44] In the third support mechanism of the first aspect, the first energy absorbing member may be a first bent plate 
whose one end is fixed to the support member, and which longitudinally extends and is bent behind the support pin 

10 extending through the long hole. The second energy absorbing member may be a second bent plate whose one end 
is detachably fixed to the support member by an engaging/disengaging means, and which longitudinally extends and 
is bent behind the support pin extending through the long hole. In this case, when the second bent plate is not fixed 
to the supporting member by engaging/disengaging means, the support pin stretches the first bent plate while relatively 
moving backward upon collision. In other words, the support pin does not stretch the second bent plate. Therefore, a 

is relatively small amount of impact energy is absorbed. On the other hand, when the second bent plate is not fixed to 
the supporting member by engaging/disengaging means, the support pin stretches both first and second bent plates 
simultaneously while moving backward upon collision. Therefore, a large amount of impact energy is absorbed. 
[01 45] The engaging/disengaging means that engages and disengages one end of the second bent plate disengages 
the second bent plate from the support member when the predicted impact force is smaller than a predetermined value, 

20 and fixes the second bent plate to the support member when the predicted impact force is larger than or equal to the 
predetermined value. 

[0146] In the second support mechanism of the first aspect, the first energy absorbing member is a bent plate whose 
one end is fixed to the support member, and which longitudinally extends and is bent behind the support pin extending 
through the long hole. The second energy absorbing member is a support member having the long hole. The second 

25 support mechanism includes a cam located in a large-width portion of the long hole and capable of moving within a 
small-width portion of the long hole, the large-width portion being located at a base end of the long hole, and a driving 
means for rotating the cam so as to selectively change a width of the cam facing the small-width portion of the long 
hole to a value larger or smaller than a width of the small-width portion of the long hole. When the width of the cam 
facing the width of the small-width portion of the long hole is smaller than that of the small-width portion, the support 

30 pin can stretch the bent plate while moving backward within the long hole of the support member. When the width of 
the cam facing the small-width portion of the long hole is larger than that of the small-width portion, the support pin 
can stretch the bent plate and successively deform a side edge of the small-width portion of the long hole by using the 
cam while moving backward within the long hole of the support member. 

[01 47] In this case, the driving means can operate so that the width of the cam facing the small-width portion of the 
35 long hole becomes smaller than that of the small-width portion when the predicted impact force is smaller than a 
predetermined value, and operate so that the width of the cam facing the small-width portion of the long hole becomes 
larger than that of the small-width portion when the predicted impact force is larger than or equal to the predetermined 
value. This driving means may be an electric motor. 

[0148] In the steering system supported by the basic support mechanism of the first aspect, the driver may move 
40 forward and interfere with a steering wheel to move the steering column forward upon head-on collision of the vehicle. 
In this case, the support pin supporting the steering column relatively moves backward within the long hole of the 
support member with a force corresponding to the impact force. While moving, the support pin deforms the first energy 
absorbing member to absorb the impact energy in the energy absorbing member, thereby reducing the impact force 
of the steering wheel against the driver. 
45 [01 49] In this case, when the predicted impact force is equal to or is larger than the predetermined value, e.g., when 
the driver does not fasten the seatbelt, one end of the second energy absorbing member is fixed to the support member. 
Therefore, the support pin deforms the second energy absorbing member simultaneously with the first energy absorbing 
member. As a result, a large amount of energy is absorbed. On the other hand, when the predicted impact force is 
smaller than the predetermined value e.g., when the driver fastens the seatbelt, the second energy absorbing member 
so is not fixed to the support member. Therefore, the support pin does not deform the second energy absorbing member. 
As a result, a smaller amount of energy is absorbed as compared to the case where the predicted impact force is larger 
than or equal to the predetermined value. 

[01 50] In the first support mechanism of the first aspect, the second bent plate is disengaged from the support member 
when the predicted impact force is smaller than the predetermined value, and is fixed to the support member when 
55 the predicted impact force is larger than or equal to the predetermined value. Therefore, when the predicted impact 
force is smaller than the predetermined value, the support pin stretches only the first bent plate moves backward upon 
collision. In other words, the support pin does not stretch the second bent plate. Therefore, a relatively small amount 
of impact energy is absorbed. On the other hand, when the predicted impact force is larger than or equal to the pre- 
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determined value, the support pin stretches both first and second bent plates simultaneously while moving backward 
upon collision. Therefore, a large amount of impact energy is absorbed. 

[0151] In the second support mechanism of the first aspect, when the predicted impact force is smaller than the 
predetermined value, the width of the cam facing the small-width portion of the long hole in the support member is 
smaller than that of the small-width portion. On the other hand, when the predicted impact force is larger than or equal 
to the predetermined value, the width of the cam facing the small-width portion of the long hole in the support member 
is larger than that of the small-width portion. Therefore, when the predicted impact force is smaller than the predeter- 
mined value, the cam of the support pin merely stretches the bent plate while moving backward upon collision. A 
relatively small amount of impact energy is thus absorbed. On the other hand, when the predicted impact force is larger 
than or equal to the predetermined value, the cam of the support pin not only stretches the bent plate but also succes- 
sively deforms the side edge of the small-width portion of the long hole in the support member while relatively moving 
backward upon collision. Accordingly, a larger amount of impact energy is absorbed as compared to the case where 
the driver fastens the seatbelt. 

[0152] A second aspect for achieving the object relates to a support mechanism of a steering system, and more 
particularly, relates to a support mechanism of a steering system for supporting, to a part of a vehicle body, a steering 
column that supports a steering shaft so that the steering shaft is rotatable in a circumferential direction. The support 
mechanism according to the second aspect includes an energy absorbing member mounted on a side of the steering 
column or the vehicle body, deforming means for deform the energy absorbing member when the deforming means 
moves relative to the vehicle body, and a deformation characteristics changing means for changing an amount of a 
deforming action on the energy absorbing member. The deformation characteristics changing means is mounted on 
a side of the steering column or the vehicle body. 

[01 53] In the first support mechanism according to the second aspect, the energy absorbing mechanism may include 
a support member fixed to the steering column, a support pin extending through a longitudinal long hole in the support 
member, and attached to a part of the vehicle body to support the steering column to the vehicle body through the 
support member, an energy absorbing members mounted in the support member, and capable of being deformed by 
the support pin when the support pin moves relative to the long hole within the long hole, and deformation characteristics 
changing means for changing the amount of the deforming action on the energy absorbing member. The predicted 
impact force is always calculated during running of the vehicle on the basis of output signal from various sensors that 
detects e.g., a seated position sensor mounted in the driver's seat for detecting the seated position of the driver, or a 
weight sensor. The deformation characteristics changing means reduces the amount of the deforming action on the 
energy absorbing member when the predicted impact force is smaller than the predetermined value, and increases 
the amount of the deforming action on the energy absorbing member when the predicted impact force is larger than 
or equal to the predetermined value. 

[0154] In the second support mechanism according to the second aspect, the energy absorbing mechanism may 
include an energy absorbing member mounted on a side of the vehicle body, and moving relative to the steering column 
in a longitudinal direction of the steering column, a deforming means mounted on a side of the steering column, for 
deforming the energy absorbing member while the energy absorbing member is moving, and a deformation charac- 
teristics changing means for changing an amount of a deforming action of the deforming means on the energy absorbing 
member according to the predicted impact force. The deformation characteristics changing means reduces the amount 
of the deforming action on the energy absorbing member when the predicted impact force is smaller than the prede- 
termined value, and increases the amount of the deforming action on the energy absorbing member when the predicted 
impact force is larger than or equal to the predetermined value. 

[0155] In the steering system supported by the first support mechanism of the second aspect, the driver may move 
forward and interfere with a steering wheel to move the steering column forward upon head-on collision of the vehicle. 
In this case, the support pin supporting the steering column moves backward within the long hole of the support member 
with a force corresponding to the impact force. While moving, the support pin deforms the energy absorbing member 
to absorb the impact energy in the energy absorbing member, thereby reducing the impact force of the steering wheel 
against the driver. 

[0156] In this case, when the predicted impact force is larger than or equal to the predetermined value e. g., when 
the driver does not fasten the seatbelt, the deformation characteristics changing means increases the amount of the 
deforming action on the energy absorbing member. The energy absorbing member thus absorbs a large amount of 
energy. On the other hand, the predicted impact force is smaller than the predetermined value e. g., when the driver 
fastens the seatbelt, the deformation characteristics changing means reduces the amount of the deforming action on 
the energy absorbing member. The energy absorbing member thus absorbs a smaller amount of energy as compared 
to the case where the predicted impact force is larger than or equal to the predetermined. 

[0157] In the steering system supported by the second support mechanism of the second aspect as well, the driver 
may move forward and interfere with a steering wheel to move the steering column forward upon head-on collision of 
the vehicle. In this case, the deforming means mounted on the side of the steering column moves relative to the energy 
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absorbing member mounted on the side of the vehicle body. While moving, the deforming means deforms the energy 
absorbing member to absorb the impact energy in the energy absorbing member, thereby reducing the impact force 
of the steering wheel against the driver. 

[0158] In this case, when the predicted impact force is larger than or equal to the predetermined value e. g., the 
s driver does not fasten the seatbelt, the deformation characteristics changing means increases the amount of the de- 
forming action on the energy absorbing member. The energy absorbing member thus absorbs a large amount of energy. 
On the other hand, when the predicted impact force is smaller than the predetermined value e. g., the driver fastens 
the seatbelt, the deformation characteristics changing means reduces the amount of the deforming action on the energy 
absorbing member. The energy absorbing member thus absorbs a smaller amount of energy as compared to the case 

10 where the predicted impact force is larger than or equal to the predetermined value. 

[0159] The first and second support mechanisms of the second aspect are thus capable of changing the absorption 
amount of impact energy according to the predicted impact force. The above support mechanisms make good use of 
the structure of a support mechanism that is essential for supporting the steering system to a part of the vehicle body. 
Accordingly, the above support mechanisms can be inexpensively manufactured with a relatively simple structure with- 

15 out complicating the structure of the steering system. As a result, significant increase in costs can be suppressed. 
[0160] In the first support mechanism of the second aspect, various deformation characteristics changing means 
can be preferably used as the deformation characteristics changing means. Hereinafter, first to sixth deformation char- 
acteristics changing means will be described as specific examples. The first deformation characteristics changing 
means includes a shearing pin that advances or retreats relative to an engaging hole in the energy absorbing member 

20 according to the predicted impact force. When the predicted impact force is lager than or equal to the predetermined 
value, the shearing pin advances into the engaging hole of the energy absorbing member and is engaged with the 
energy absorbing member. The shearing pin thus applies a shearing force to the energy absorbing member during 
deformation of the energy absorbing member. This enables the energy absorbing member to absorb a large amount 
of energy when the predicted impact force is larger than or equal to the predetermined value and to absorb a small 

25 amount of energy when the predicted impact force is smaller than the predetermined value. Note that a solenoid is 
preferably used as a means for driving the shearing pin, and switching (ON/OFF) control of the solenoid is preferably 
conducted according to the predicted impact force. 

[0161] The second deformation characteristics changing means in the first support mechanism of the second aspect 
includes a deforming pin that advances or retreats relative to a slit hole in the energy absorbing member according to 

30 the predetermined value. When the predicted impact force is larger than or equal to the predetermined value, the 
deforming pin advances into the slit hole of the energy absorbing member so that a deforming force enlarging the slit 
hole of the energy absorbing member is applied during deformation of the energy absorbing member. This enables 
the energy absorbing member to absorb a large amount of energy when the predicted impact force is larger than or 
equal to the predetermined value and absorb a small amount of energy when the predicted impact force is smaller 

35 than the predetermined value. Note that a solenoid is preferably used as a means for driving the deforming pin, and 
switching (ON/OFF) control of the solenoid is preferably conducted according to the predicted impact force. 
[0162] The deforming pin as the second deformation characteristics changing means may have a tapered shape 
whose diameter is gradually reduced toward a tip thereof or a stepped shape whose diameter is reduced toward a tip 
thereof. In this case, an amount by which the deforming pin advances into the slit hole is preferably controlled according 

40 to the predicted impact force. This enables the energy absorbing member to absorb the amount of energycorresponding 
to the predicted impact force. 

[0163] The third deformation characteristics changing means in the first support mechanism of the second aspect 
includes a squeezing pin that advances or retreats relative to the energy absorbing member according to the predicted 
impact force. When the predicted impact force is larger than or equal to the predetermined value, the squeezing pin 

45 abuts on the energy absorbing member and applies a squeezing force to the energy absorbing member during defor- 
mation of the energy absorbing member. This enables the energy absorbing member to absorb a large amount of 
energy when the predicted impact force is larger than or equal to the predetermined value and absorb a small amount 
of energy when the predicted impact force is smaller than the predetermined value. Note that a solenoid is preferably 
used as a means for driving the squeezing pin, and switching (ON/OFF) control of the solenoid is preferably conducted 

so according to the predicted impact force. 

[0164] The fourth deformation characteristics changing means in the first support mechanism of the second aspect 
includes an interfering member selectively abutting on at least one of a pair of bent plates according to the predicted 
impact force. The interfering member abuts on at least one of the pair of bent plates so that deformation characteristics 
of the bent plate becomes higher in the case where the predicted impact force is larger than or equal to the predeter- 

55 mined value e. g., the driver does not fasten the seatbelt as compared to the case where the predicted impact force 
is smaller than the predetermined value e. g., the driver fastens the seatbelt. The interfering member thus applies a 
deforming force to the bent plate during deformation of the bent plates. This enables the energy absorbing member to 
absorb a large amount of energy when the predicted impact force is larger than or equal the predetermined value and 
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absorb a small amount of energy when the predicted impact force is smaller than the predetermined value. 
[0165] When the predicted impact force is smaller than the predetermined value, the interfering member of the fourth 
deformation characteristics changing means may abut on one of the pair of bent plates and apply a deforming force 
to the bent plate. When the predicted impact force is larger than or equal to the predetermined value, the interfering 
5 member may abut on the pair of bent plates and apply the deforming force to the bent plates during def ormation of the 
bent plates. 

[0166] In the fourth deformation characteristics changing means, the pair of bent plates may have different defor- 
mation capabilities. When the predicted impact force is smaller than the predetermined value, the Interfering member 
may abut on the bent plate having lower deformation characteristics and apply a deforming force to the bent plate. 

10 When the predicted impact force is larger than or equal to the predetermined value, the interfering member may abut 
on the bent plate having higher def ormation characteristics and apply a deforming force to the bent plate during de- 
formation of the bent plates. Note that an electric motor for driving an element according to the predicted impact force 
is preferably used as a means for driving the interfering member. Preferably, the electric motor selectively moves the 
interfering member to one of the bent plates. 

is [0167] The fifth deformation characteristics changing means in the first support mechanism of the second aspect 
includes a tapered slide pin for changing a bent state of the energy absorbing member by advancing or retreating 
relative to the energy absorbing member when the predicted impact force is larger than or equal to the predetermined 
value e. g., when the driver does not fasten the seatbelt. When the predicted impact force is larger than or equal to 
the predetermined value, the energy absorbing member is bent to a large degree by interference of the slide pin. This 

20 enables the energy absorbing member to absorb a large amount of energy when the predicted impact force is larger 
than or equal to the predetermined value and absorb a small amount of energy when the predicted impact force is 
smaller than the predetermined value. Note that a solenoid for driving an element according to the predicted impact is 
preferably used as a means for driving the slide pin. Switching (ON/OFF) control of the solenoid is preferably conducted 
according to the predicted impact force. 

25 [0168] The sixth deformation characteristics changing means in the first support mechanism of the second aspect 
includes an interfering pin for changing a bent state of the energy absorbing member by advancing or retreating relative 
to the energy absorbing member according to the predicted impact force. When the predicted impact force is larger 
than or equal to the predetermined value, the energy absorbing member is bent to a large degree by interference of 
the interfering pin. This enables the energy absorbing member to absorb a large amount of energy when the predicted 

30 impact force is largerthanorequaltothe predetermined value and absorb a small amount of energy when the predicted 
impact force is smaller than the predetermined value. Note that a solenoid for driving an element according to the 
predicted impact force is preferably used as a means for driving the interfering pin. Switching (ON/OFF) control of the 
solenoid is preferably conducted according to the predicted impact force. 

[0169] In the second support mechanism of the second aspect, the deforming means may be a pair of holding mem- 
35 bers for squeezing the energy absorbing member therebetween. In this case, the deformation characteristics changing 
means is a driving means for changing a distance between the holding members holding and the energy absorbing 
members, according to the predicted impact force. This enables the energy absorbing member to absorb a large amount 
of energy when the predicted impact force is larger than or equal to the predetermined value and absorb a small amount 
of energy when the predicted impact force is smaller than the predetermined value. Note that an electric motor for 
40 driving an element according to the predicted impact force and a pair of sector gears pivotable by the electric motor 
are preferably used as a means for driving the holding members. The holding members are preferably mounted in the 
respective sector gears. 

[0170] The support mechanism according to the first to second aspect for achieving the object are thus capable of 
changing the absorption amount of impact energy according to the predicted impact force applied from the steering 
45 column to the driver. The support mechanisms make good use of the structure of a support mechanism that is essential 
for supporting the steering system to a part of the vehicle body. Accordingly, the support mechanisms can be inexpen- 
sively manufactured with a relatively simple structure without complicating the structure of the steering system. As a 
result, increase in costs can be significantly suppressed. 

[0171] The support mechanism according to the first to second aspect are thus capable of changing the absorption 
so amount of impact energy according to the predicted impact force applied from the steering column to the driver. The 
support mechanisms make good use of the structure of a support mechanism that is essential for supporting the steering 
system to a part of the vehicle body. Accordingly, the support mechanisms can be inexpensively manufactured with a 
relatively simple structure without complicating the structure of the steering system. As a result, increase in costs can 
be significantly suppressed. 

55 [0172] The ECU of the illustrated exemplary embodiments is implemented as one or more programmed general 
purpose computers. It will be appreciated by those skilled in the art that the controller can be implemented using a 
single special purpose integrated circuit (e.g., ASIC) having a main or central processor section for overall, system- 
level control, and separate sections dedicated to performing various different specific computations, functions and 
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other processes under control of the central processor section. The controller can be a plurality of separate dedicated 
or programmable Integrated or other electronic circuits or devices (e.g., hardwired electronic or logic circuits such as 
discrete element circuits, or programmable logic devices such as PLDs, PLAs, PALs or the like). The controller can be 
implemented using a suitably programmed general purpose computer, e.g., a microprocessor, microcontroller or other 
s processor device (CPU or MPU), either aione or in conjunction with one or more peripheral (e.g., integrated circuit) 
data and signal processing devices. In general, any device or assembly of devices on which a finite state machine 
capable of implementing the procedures described herein can be used as the controller. A distributed processing 
architecture can be used for maximum data/signal processing capability and speed. 

[0173] While the invention has been described with reference to preferred exemplary embodiments thereof, it is to 
10 be understood that the invention is not limited to the disclosed embodiments or constructions. On the contrary, the 
invention is intended to cover various modifications and equivalent arrangements. In addition, while the various ele- 
ments of the disclosed invention are shown in various combinations and configurations, which are exemplary, other 
combinations and configurations, including more less or only a single element, are also within the spirit and scope of 
the invention. 

15 

Claims 

1 . A support mechanism of a steering system (1 0a) for supporting steering column (1 1 ) to the a part of a vehicle body, 
20 the steering column (11) supporting a steering shaft (12) so that the steering shaft (12) is rotatable in a circumfer- 
ential direction, characterized in that the support mechanism (20a) comprises an energy absorbing mechanism 
(20a) mounted on a side of at least one of the steering column (10) and the vehicle body, and capable of changing 
an energy absorption amount, and 

the support mechanism reduces the energy absorption amount of the energy absorbing mechanism when 
25 a driver fastens a seatbelt (91 ) and increases the energy absorption amount of the energy absorbing mechanism 

when the driver does not fasten the seatbelt (91). 

2. The support mechanism of the steering system (1 0a) according to claim 1 , wherein the energy absorbing mech- 
anism (20a) comprises: 

30 

a support member (11) fixed to the steering column (21); 

a support pin (22) which extends through a longitudinal long hole (21 b) in the support member (21 ) and which 
is attached to a part of the vehicle body to support the steering column (11) to the vehicle body through the 
support member (21); 

35 an energy absorbing member (23) mounted in the support member (21), and capable of being deformed by 

the support pin (22) when the support pin (22) moves relative to the long hole within the long hole (21b); and 
a deformation characteristics changing means (24) for changing an amount of a deforming action on the energy 
absorbing member, wherein the deformation characteristics changing means reduces the amount of a deform- 
ing action on the energy absorbing member (23) when the driver of the vehicle fastens the seatbelt (91) and 

40 increases the amount of the deforming action on the energy absorbing member (23) when the driver of the 

vehicle does not fasten the seatbelt (91). 

3. The support mechanism of the steering system (1 0a) according to claim 2, wherein, the deformation characteristics 
changing means (24) includes a shearing pin (24b)that advances or retreats relative to an engaging hole (24e3) 

45 in the energy absorbing member (23) according to whether the driver fastens the seatbelt (91 ), and when the driver 

does not fasten the seatbelt (91), the shearing pin (24b) is engaged with the engaging hole (24e3) of the energy 
absorbing member (23), and applies a shearing force to the energy absorbing member (23) during deformation of 
the energy absorbing member (23). 

so 4. The support mechanism of the steering system (1 0a) according to claim 2, wherein the deformation characteristics 
changing means (24) includes a deforming pin (25b, 25b1, 15b2) that advances or retreats relative to a slit hole 
(23f) in the energy absorbing member (23) according to whether the driver fastens the seatbelt (91) and when the 
driver does not fasten the seatbelt (91), the deforming pin (25b, 25b1, 25b2) advances into the slit hole (23f) of 
the energy absorbing member (23) so that a deforming force enlarging the slit hole (23f) of the energy absorbing 

55 member (23) is applied during deformation of the energy absorbing member (23). 

5. The support member of the steering system according to claim 4, wherein the deforming pin (25b1 , 25b2) has at 
least one of a tapered shape whose diameter is gradually reduced toward a tip thereof and a stepped shape whose 
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diameter is reduced toward a tip thereof and an amount by which the deforming pin (25b1 , 25b2) advances into 
the slit hole (230 & controlled according to whether the driver fastens the seatbelt (91). 

6. The support member of the steering system according to claim 2, wherein the deformation characteristics changing 
means (26) includes a squeezing pin (26b) that advances or retreats relative to the energy absorbing member (23) 
according to whether the driver fastens the seatbelt (91) and when the driver does not fasten the seatbelt (91), 
the squeezing pin (26b) abuts on the energy absorbing member (23) and applies a squeezing force to the energy 
absorbing member (23) during deformation of the energy absorbing member (23). 

7. The support member of the steering system according to claim 2, wherein the energy absorbing member (23) 
includes a pair of bent plates (23A, 23B) arranged in parallel with each other, the deformation characteristics 
changing means (23) includes ah interfering member (27c) selectively abutting on at least one of the pair of bent 
plates (23A, 23B) according to whether the driver fastens the seatbelt (91 ), and the interfering member (27c) abuts 
on at least one of the pair of bent plates so that deformation characteristics of the bent plate becomes higher in a 
case where the driver does not fasten the seatbelt as compared to a case where the driver fastens the seatbelt, 
and the interfering member applies a deforming force to the bent plate during deformation of the bent plates. 

8. The support member of the steering system according to claim 7, wherein when the driver fastens the seatbelt 
(91 ), the interfering member (27c) abuts on one of the pair of bent plates (27A, 27B) and applies a deforming force 
to the bent plate(27B) and when the driver does not fasten the seatbelt (91), the interfering member (27c) abuts 
on the pair of bent plates (27A, 27B) and applies the deforming force to the bent plates (27A, 27B)during defor- 
mation of the bent plates (27A, 27B). 

9. The support member of the steering system according to claim 7, wherein the pair of bent plates (27A, 27B) have 
different deformation capabilities, wherein when the driver fastens the seatbelt (91), the interfering member (27c) 
abuts on the bent plate (27B) having lower deformation characteristics and applies a deforming force to the bent 
plate (27B) and when the driver does not fasten the seatbelt (91), the interfering member (91) abuts on the bent 
plate (27A) having higher deformation characteristics and applies a deforming force to the bent plate (27A) during 
deformation of the bent plates. 

1 0. The support member of the steering system according to claim 2, wherein the deformation characteristics changing 
means (28) includes a tapered slide pin (28a) for changing a bent state of the energy absorbing member (23) by 
advancing or retreating relative to the energy absorbing member (23) according to whether the driver fastens the 
seatbelt (91 ), and when the driver does not fasten the seatbelt (91 ), the energy absorbing member (23) is bent to 
a large degree by interference of the slide pin (2Ba). 

1 1 . The support member of the steering system according to claim 2, wherein the deformation characteristics changing 
means (29) includes an interfering pin (29e1 , 29e2) for changing a bent state of the energy absorbing member 
(23) by advancing or retreating relative to the energy absorbing member (23) according to whether the driver 
fastens the seatbelt (91), and when the driver does not fasten the seatbelt (91), the energy absorbing member 
(23) is bent to a large degree by interference of the interfering pin (29e1 , 29e2). 

12. The support member of the steering system according to claim 1 , wherein the energy absorbing mechanism com- 
prises: 

an energy absorbing member (31) mounted on a side of the vehicle body, and moving relative to the steering 
column relatively in a longitudinal direction of the steering column (11); 

a deforming means (33c, 33d) mounted on a side of the steering column (11), for deforming the energy ab- 
sorbing member (31) while the energy absorbing member (31) is moving relatively, and 
a deformation characteristics changing means (33e) for changing an amount of a deforming action of the 
deforming means (33c, 33d)on the energy absorbing member (23) according to whether the driver fastens the 
seatbelt (91), wherein the deformation characteristics changing means (33e) reduces the amount of the de- 
forming action on the energy absorbing member (23) when the driver fastens the seatbelt (91), and increases 
the amount of the deforming action on the energy absorbing member (23) when the driver does not fasten the 
seatbelt (91). 

13. The support mechanism of the steering system according to claim 12, wherein the deforming means (33c, 33d) is 
a pair of holding members (33c, 33d) for squeezing the energy absorbing member (31) therebetween and the 
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deformation characteristics changing means <33e) is a driving means <33e) for changing a distance between the 
holding members (33c, 33d) holding the energy absorbing members (31 e) therebetween, according to whether 
the driver fastens the seatbelt <91 ). 

5 14. The support member of the steering system according to claim 1 , wherein the energy absorbing mechanism com- 
prises: 

a support member (121) fixed to the steering column (111); 

a support pin (122) which extends through a longitudinal long hole (121b) in the support member (121), and 
10 which is attached to a part of the vehicle body to support the steering column (1 1 1 ) to the vehicle body through 

the support member (121 ); and 

first and second energy absorbing members (123, 124) mounted in the support member (121), and capable 
of being deformed by the support pin (122) when the support pin (122) relatively moves relative to the long 
hole (121b) within the long hole (121b), wherein the support pin (122) deforms the first energy absorbing 
is member (123) when the driver fastens the seatbelt (91), and deforms the first and second energy absorbing 

members (123, 124) simultaneously when the driver does not fasten the seatbelt (91). 

15. The support mechanism of the steering system according to claim 14, wherein the first energy absorbing member 
is a first bent plate (123) whose one end is fixed to the support member (121), and which longitudinally extends 

20 and is bent behind the support pin (122) extending through the long hole (121b), the second energy absorbing 

member (124) is a second bent plate whose one end is detachably fixed to the support member (121) by an 
engaging/disengaging means (125), and which longitudinally extends and is bent behind the support pin (122) 
extending through the long hole (121b), and the support pin (122) stretches the first bent plate (123) and the second 
bent plate (124) fixed to the support member (121) when moving backward within the long hole (121b) of the 

25 support member (121). 

16. The support mechanism of the steering system according to claim 15, wherein the engaging/disengaging means 
(125) for engaging and disengaging one end of the second bent plate (124) disengages the second bent plate 
(124) from the support member when the driver fastens the seatbelt (91), and fixes the second bent plate (124) 

30 to the support member (121) when the driver does not fasten the seatbelt (91). 

17. The support mechanism of the steering system according to claim 14, wherein the first energy absorbing member 
(133) is a bent plate whose one end is fixed to the support member (131), and which longitudinally extends and 
is bent behind the support pin (132) extending through the long hole (131b) and the second energy absorbing 

35 member (131) is a support member (131) having the long hole (131b), the support mechanism further comprising: 

a cam (134) located in a large-width portion (131b1) of the long hole (131b) and capable of moving within a 
small-width portion (131b2) of the long hole (131b), the large-width portion (131b1) being located at a base 
end of the long hole (131b); and 

40 a driving means (135) for rotating the cam (134) so as to selectively change a width of the cam (134) facing 

the small-width portion (131b2) of the long hole to a value larger or smaller than a width of the small-width 
portion (1 31 b2) of the long hole (131b), wherein when the width of the cam (1 34) facing the small-width portion 
(131b1) of the long hole (131b) is smaller than that of the small-width portion (131b2), the support pin (132) 
stretches the bent plate (133) while relatively moving backward within the long hole (131b) of the support 

<5 member (131 ), and wherein when the width of the cam (1 34) facing the small-width portion (1 31 b1 ) of the long 

hole (131b) is larger than that of the small-width portion (131b1), the support pin (132) stretches the bent plate 
(133) and successively deforms a side edge of the small-width portion (131 b2) of the long hole (131 b) by using 
the cam while relatively moving backward within the long hole (131b) of the support member (131). 

50 18. The support mechanism of the steering system according to claim 1 7, wherein when the driver fastens the seatbelt 
(91), the driving means (135) operates so that the width of the cam (134) facing the small-width portion (131b2) 
of the long hole (131b) becomes smaller than that of the small-width portion (131b2), and when the driver does 
not fasten the seatbelt (91), the driving means (135) operates so that the width of the cam (134) facing the small- 
width portion (131b2) of the long hole becomes larger than that of the small-width portion (131b2). 

55 

19. A support mechanism of a steering system (1 Oa) for supporting steering column (11 ) to the a part of a vehicle body, 
the steering column supporting a steering shaft (12) so that the steering shaft is rotatable in a circumferential 
direction, characterized in that the support mechanism comprises an energy absorbing mechanism (20a) mount- 
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ed on a side of at least one of the steering column (11) and the vehicle body, and capable of changing an energy 
absorption amount, and wherein when a driver does not fasten a seatbett (91), the energy absorbing mechanism 
absorbs a larger amount of energy in a case where a seated position of the driver is ahead of a preset position as 
compared to a case where the seated position of the driver is the preset position. 

20. The support mechanism of the steering system according to claim 19, wherein the energy absorbing mechanism 
comprises: 

a support member (21) fixed to the steering column (11); 

a support pin (22) which extends through a longitudinal long hole (21 b) in the support member (21), and which 
is attached to a part of the vehicle body to support the steering column (11) to the vehicle body through the 
support member (21); 

an energy absorbing member (23) mounted in the support member (23), and capable of being deformed by 
the support pin (22)when the support pin (22) relatively moves relative to the long hole (21b) within the long 
hole (21b); and 

a deformation characteristics changing means (24) for changing an amount of a deforming action on the energy 
absorbing member (23), wherein the deformation characteristics changing means (24) reduces the amount 
of the deforming action on the energy absorbing member (23) when the seated position of the driver is the 
preset position, and increases the amount of the deforming action on the energy absorbing member (23) when 
the seated position of the driver is ahead of the preset position. 

21. The support mechanism of the steering system according to claim 19, wherein the energy absorbing mechanism 
comprises: 

an energy absorbing member mounted on a side of the vehicle body (31 ), and moving relatively in a longitudinal 
direction of the steering column (11); 

a deforming means (33c, 33d) mounted on a side of the steering column (11), for deforming the energy ab- 
sorbing member (31) while the energy absorbing member (31) is moving relative to the steering column (11); 
and 

a deformation characteristics changing means (33e) for changing an amount of a deforming action of the 
deforming means (33c, 33d) on the energy absorbing member (31) according to the seated position of the 
driver, wherein the deformation characteristics changing means (33e) reduces the amount of the deforming 
action on the energy absorbing member (31 ) when the seated position of the driver is the preset position, and 
increases the amount of the deforming action on the energy absorbing member when the seated position of 
the driver is ahead of the preset position. 

22. The support mechanism of the steering system according to claim 19, wherein the energy absorbing mechanism 
comprises: 

a support member (121) fixed to the steering column (111); 

a support pin (122) which extends through a longitudinal long hole (121b) in the support member (121), and 
which is attached to a part of the vehicle body to support the steering column (1 1 1 ) to the vehicle body through 
the support member (121), and 

first and second energy absorbing members (123, 124) mounted in the support member (121), and capable 
of being deformed by the support pin (122) when the support pin (122) relatively moves relative to the long 
hole (121b) within the long hole (121b), wherein the support pin (122) deforms the first energy absorbing 
member (123) when the seated position of the driver is the preset position, and deforms the first and second 
energy absorbing members (123, 124) simultaneously when the seated position of the driver is ahead of the 
preset position. 

23. The support mechanism of the steering system according to any one of claims 1 to 22, wherein an airbag (18) is 
mounted in a steering wheel (17) attached to the steering shaft (12, 112). 
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